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ABSTRACT

This work represents a continuation of research inves-

tigating the feasibility of a metal atom oxidation laser.

The work was done on the Naval Postgraduate School's metal-

atom oxidation laser set-up which was designed and constructed

as part of previous thesis research. The series of experi-

ments was conducted with ten rare earth elements in a pure

oxygen environment.

A brief discussion of the toxicity and handling charac-

teristics of the rare earth elements, the metal oxide laser

system, and the possible metal deposition techniques is

presented. The technique finally used in the metal deposi-

tion process and the difficulties incurred with this tech-

nique are also discussed.

Although no positive lasing action was noted, results

from these experiments suggest further investigation is

warranted.
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I. INTRODUCTION

The metal atom oxidation laser makes use of an

exothermic, atom diatom exchange, chemical reaction as the

means of achieving the population inversion necessary for

lasing action. The energy resulting from the exothermic

chemical reaction, goes into pumping the products of the

reaction to highly excited levels. Briefly, the basis for

these experiments is the chemical reaction M+XY-**MX*+Y,

first suggested by Polanyi. He theorized chemical laser

action was possible from the reaction provided M was an

alkali metal atom (potassium, sodium, etc.) and XY was a

covalent halogen or halide (fluorine, chorine, etc.);

XY* was the resulting metal halide from which lasing action

was expected. This theory has recently been extended to

include most reactive metals for M and almost any gaseous

oxidizer for XY. As an example, the reaction AI+F2 A1F*+F

has produced lasing action.

Metal atom lasers are not new. The first metal vapor laser

was invented at Columbia University in 1961. This metal

vapor laser was based on cesium vapor. The original metal

vapor lasers were of the pulsed type, but later advancements

led to the continuous wave (CW) laser. In the first metal

vapor CW laser, helium and cadmium were used and an electric



current was used to pump the laser. (Ref . 1)

In recent years, Rice, Beattie et al at the Los Alamos

Scientific Laboratory reported they were able to obtain

IR lasing action using the metal atom oxidation principle

from CO, TiO, VO ZrO, LiF , MgF and other diatomic molecules

(Ref. 2) . "The important possible applications of this class

of lasers- <^re development of low gain systems operating on

triplet-singlet transactions and capable of very large

energy storage for pulse laser applications, and development

of high efficiency CW lasers in the infrared." 2

The ten rare earth elements that were considered for this

investigation were lanthanum (La) , praseodymium (Pr)

,

neodymium (Nd) , samarium (Sm) , gadolinium (Gd) , terbium (Tb)

,

dysprosium (Dy) , holmium (Ho) , erbium (Er) , and ytterbium

(Yb) . Basic properties of these elements are given in

Table 1. Only terbium was actually used in this work.

The rare earth elements have been considered because of

1 Laser action is possible in elements which have a
high vapor pressure, e.g. gases at room temperature. It is
also possible to obtain reasonably high pressure even for
metals which do not have vapor pressures high enough at
room temperature. This is accomplished by heating the
metal in a vacuum whereby the vapor pressure is increased,
and then the pressure of the metal vapor may be high enough
to obtain laser action by electron impact excitation; thus
the name metal vapor laser.

2 Rice, W. W. , Beattie, W. H., Metal Atom Oxidation
Laser, p. 1



their low-lying electronic states and stability of their

compounds; this is an essential requirement of the chemical

product MX* in the reaction M + XY-HVIX* + Y.



II. TOXICITY AND HANDLING OF THE RARE EARTH ELEMENTS

All the materials used in the experiments are at least

99.9% pure. They were purchased from the Ventron Corporation

of San Leandro, California.

The first task before beginning any experiments was to

determine the toxicity of each of the ten elements and

their compounds and what precautions had to be taken when

handling them. While the rare earths have been used

extensively in industry, particularly in the electronic

and metallurgic disciplines, the information concerning

the toxicity and other information of these elements is

relatively scant. The little information found in Sax's

Dangerous Properties of Industrial Materials (Ref. 3)

appears to confirm this. A library search and references

supplied by the Rare Earth Information Center at the Iowa

State University provided additional sources of information.

While most of the observations in these sources are made

from a pharmacological point in view, they nevertheless

give an insight as to the relative toxicity of some of the

rare earths and their compounds.

Vincke and Oelkins administered rare earth chlorides to

mice subcutaneously. Their studies showed the LD^g-3 of

3 Lethal dose 50, or medium lethal dose, is written LD
5Q

and is used when the response that is being investigated is
the death of the experimental animal. Therefore, LD 50 is

the dose which is fatal to 50% of the test animals.

10



these substances varied between a low of 2.5 gm/Kg for

praseodymium chloride to a high of 4 gm/Kg for lanthanium

and neodymium chloride; administered in this manner, the

toxicity was low. Upon intravenous injection of the same

compounds, the LD5Q level was considerably smaller, of the

order of 200 - 250 mg/kg. Studies were also made with

mixtures of dusts of rare earth fluorides and oxides

administered intratracheally and by inhalation. Some of

the test animals (guinea pigs) died of pneumonia; the

others were killed for autopsy 8 to 156 weeks later. No

fibrotic effect was noted in any of the cases. Other

experiments using dusts of yttrium, neodymium and cerium

oxides were also made. These dusts were administered

intratracheally to white rats. The investigation showed

that these oxides "exert a distinct pathological effect

of the respiratory tract. Each of the oxides that was

studied had an effect that was quantitatively and, in

some cases, qualitatively specific. Yttrium oxide had the

most marked fibrotic effect. The effect of neodymium

oxide was similar to that of yttrium oxide but milder.

Cerium oxide was the least damaging of the three. With

regard to the" aerosols of the oxides of yttrium, neodymium

and other rare earth elements, it is essential that measures

4 Mogilevskaya, 0. Ya, Raikhlin, N. T,, Toxicalogy of
the Rare Metals, p. 140

11



be taken to remove the aerosols formed." Thus, to prevent

inhalation of any dust particles, an industrial face mask

was worn while handling the elements. As an added precau-

tion, the exhaust from the vacuum pump was vented to the

atmosphere via an exhaust hood.

Further research indicated the rare earth elements

react primarily with moisture; for this reason plastic

gloves were worn whenever handling the elements.

Another precaution which was not mentioned above but

nevertheless is very important is the fact that several of

the elements may be pyrophoric under certain conditions

(several of the preliminary metal films "sparked" when

the vacuum system was opened to the atmosphere (Table 2) )

,

If this should occur, the system should be cycled so that

the seal at the base of the bell jar is not broken; this

should allow the vacuum pumps to purge the bell jar and

prevent any fumes from entering the work area.

Based on the information that was found, working with

the rare earths presents little hazard to the individual

provided the precautions mentioned above are followed.

5 Mogilevskays, 0, Ya , Raikhlin, N, T. , Toxic alogy of
the Rare Metals, p. 140

12



III. SYSTEM DESCRIPTION

The metal atom oxidation laser system was built as part

of previous thesis work (Ref . 4) and is similar in appear-

ance and design to the system currently being used at the

Los Alamos Scientific Laboratory. A brief description of

the elemental parts of the system follows. A somewhat more

detailed discussion can be found in Ref. 4,

A. OPTICS

The optical cavity consists of two, one-inch diameter

gold surfaced mirrors, each with a 10-meter radius of

curvature. Each mirror is placed in a three degree of

freedom mount; the distance between the mirrors is approx-

imately 140 cm. A one-ram hole in one of the mirrors

provides output coupling to the detector (Fig, 1),

B. EXPERIMENTAL TEST SECTION

The experimental test section is comprised of: (1)

two high-voltage (HV) heads, (2) a 24 cm x 2,2 cm I,D.

Pyrex tube (laser tube) which separates the HV heads,

and (3) the necessary vacuum/gas and electrical connec-

tions (Fig. 2) .

Each high-voltage head is made of monel and type 3 21

stainless steel and is assembled in three separate

sections (Fig. 3). The outward facing end sections contain

the NaCl. windows which are mounted at the Brewster angle.

The center section is cylindical in shape and provides a

13



place for the electrical and vacuum/gas connections in

addition to containing the explosion baffles. The inward

facing end plates provide a means of mounting the Pyrex

laser tube. The entire assembly (high voltage heads and

Pyrex tube) is mounted on blocks of insulating material,

and is held in place with set screws that screw into the

HV heads; this allows each HV head to slide independent of

the other thus providing a rapid means of interchanging

Pyrex tubes.

C. ASSEMBLAGE

The optical cavity and the experimental test section

are mounted on a two-meter optical bench. Besides these

elements, a Santa Barbara Research Corporation (SBRC)

Ge-Au detector, capable of measuring in the 1,0 to 11.0

micron range, is placed at the "coupling-mirror" end of

the bench. A plexiglass enclosure surrounds the entire

system (the enclosure allows the experiments to be con-

ducted in a nitrogen atmosphere) , Also enclosed is the

system's gas/vacuum solenoid valves and associated tubing

(Fig. 4).

D. GAS/VACUUM SYSTEM

The vacuum and gas handling system was designed to

provide:

1. A remote means of evacuating the laser tube and

subsequently filling it to a specific pressure with a

known gas such as oxygen, chlorine, or fluorine.

14



2. A means to purge and exhaust to the atmosphere,

any residual gaseous products at the completion of each

experiment.

3. A means to provide for a nitrogen atmosphere in

the plexiglass enclosure.

Ten Skinner solenoid valves (Fig. 5) give the capability

to remotely evacuate the laser tube and then to fill it

with a known gas at a specific pressure. 1/4-inch stainless

steel tubing is used throughout the vacuum system with the

exception of the section between the vacuum isolation valve

and the Welsh mechanical roughing pump; in this section

1/2-incb stainless steel tubing is used. These valves are

operated electrically from a portable control panel. A

system schematic is indicated on the front face of this panel.

Lights on the panel represent relative positions of the valves

in the system. Toggle switches adjacent to each light opens

or closes the respective valve: light on-valve open; light

out-valve closed (Fig. 6)

.

System pressure is monitored with an MKS Instruments, Inc.,

Baratron - 17 pressure meter with digital readout (Fig. 7).

E. ELECTRICAL SYSTEM

The high voltage electrical system includes several

oil filled capacitors, a New Jersey Electronics Model

HA-51 variable power supply, system control boxes and cir-

cuitry, and a pulse triggering arrangement.

The capacitor bank consists of several 1.5 to 7

15



microfarad oil-filled, 25 KV capacitors. These can be

connected either in series or parallel to give a wide

range of effective capacitances. Only one 7 microfarad

capacitor was used for the series of experiments, A

plywood enclosure is built around the capacitor bank.

A New Jersey Electronics Model HA-51 variable power

supply (Fig. 8) charges the capacitor bank to the desired

voltage. Charging rate and level can be selected with the

Variac on the pov*er supply panel; progress of the charging

sequence is easily monitored with the meter on the front

plywood panel (Fig. 9)

.

Control for charging the capacitor bank is accomplished

with a small, portable control box (Fig. 10), A series

of switches on the box controls the charging and dumping

processes. Four lights along the top indicate the status

of the system:

1. System Pwr on/off

2. Charging

3

.

Ready

4. Dump

The box is connected to the Charging Control Circuitry with

a 10 ft. cable.

The charging control circuitry is located on a panel

inside the capacitor bank enclosure. The main power switch

for the charging control circuit is mounted on the outside

of the enclosure next to the high voltage selection meter

16



(Fig. 9) . The H.V. selection meter is a 0-20MA ammeter

connected to function as a 0-20KV voltmeter and incor-

porates a limit adjustment which: 1) stops capacitor

charging when the desired voltage is reached and 2) lights

the "ready 1
* light through a system of relays. Below the

main power switch is the primary dump switch, (In order

to charge the system, a copper drop plug must be lifted

away from the grounding strap. This is accomplished by

pulling the string on the top of the plywood enclosure

to reset the solenoid core. Momentarily hitting the

primary dump switch disrupts power to the solenoid holding

the core in place; this in turn allows the copper drop

plug to fall across the capacitor grounding strap thereby

grounding the system. Should the dump switch on the porta-

ble control panel be selected first, it is likely that the

Kilovac vacuum switch will be destroyed.)

The high side of the capacitor bank is connected

directly to one of the HV laser heads. The low (ground)

side of the bank is connected to the other HV head through

a spark gap which functions as a high voltage switch.

Connections are made with 3/8-inch copper tubing wrapped

with electrical tape.

The spark gap (Fig, 11) consists of two electrodes that

can be separated from zero to two inches (note that if the

gap is too close and a high enough voltage is selected,

premature ionization of the gas will occur) . Each electrode

17



is made up of a 1-1/4-inch copper hemisphere on a 5/8-

inch copper stem. The copper tubing from the HV head is

connected with a set screw to one electrode stem, the

other electrode stem connects to the copper tubing leading

to ground. A tungsten electrode placed in the gap between

the hemispheres acts as a firing trigger (Fig. 12), The

tungsten electrode is in series with a 100^-Kohm high

voltage resistor. A plexiglass shell surrounds the copper

and tungsten electrodes.

An ILC PG-10 pulse generator (Fig, 13) provides a vol-

tage triggering pulse to the spark gap and a voltage

"sync" signal to the instrumentation system. The trigger

pulse is directed first through an ILC Model T-105 pulse

forming network before reaching the spark gap. This pulse

forming network consists of an 8- microfarad, 500V oil

filled capacitor and a 60:1 step-up pulse transformer.

F. INSTRUMENTATION

The instrumentation set-up for the experiments includes

detectors, biasing circuits, amplifiers, oscilloscopes,

a current measuring transformer and a high voltage probe,

A Santa Barbara Research Corp. (SBRD) Ge:Au detector

(Fig. 14) was used to measure the IR radiation, Visible

radiation was monitored with a photomultiplier . The output

of the IR detector was fed into a Tektronix Type 549

storage oscilloscope with a Type 1A6 differential amplifier

plug-in unit. The output of the photomultiplier is fed

18



into a Tektronic Type 53/54D high gain differential

amplifier plug-in unit which feeds into a Tektronix Type

545 oscilloscope (Fig. 15) . Copper shielding around the

output leads of each detector and a capacitance network

are needed to reduce the interference from the spark gap.

Capacitor voltage during each experiment can be moni-

tored with a Tektronix P6015 high voltage probe connected

to the high side of the capacitor. The signal is fed into

the 53/54D high gain differential amplifier.

The circuit current is measured with a 5000 rl current

transformer. Neither the high voltage probe nor the current

transformer was used during these experiments.

Both oscilloscopes were triggered with the PG-10

"sync" pulse. A variable delay in the spark gap trigger

circuit allows the scopes to be triggered 10 microseconds

prior to the spark gap being triggered.

Tektronix series 125-1.9-1:0.85 magnification Polaroid

cameras using polaroid type 107, 3000 speed film provided

a permanent record of each experiment.

19



IV. METAL DEPOSITION - BACKGROUND

Reference 2 states: "If a quantum efficiency of one

10 Win ir photon per metal atom and a reaction rate of

1013 cm/Mole-sec are assumed, the metal atoms would have

to be present in a concentration of 5.5x10^^ cm to

produce the needed power from a 10 cm volume," The

"needed power" is the minimum power from the laser device

to overcome optical losses and "to be capable of running

under non-ideal conditions often needed for obtaining

7kinetic information"; (this power should be at least 10

microwatts) . "Electrical explosion of metal wires and

foils have been known to produce many orders of magnitude

"19 —3 8
higher density than the required 10 cm ",

As previously mentioned, ten rare earth elements were

to be studied. The ten elements came in a variety of

shapes and sizes ranging from short solid rods (approxi-

mately 2.5cm x 1.0cm O.D,) to this metal chips. The

problem that was to be resolved then, is to somehow trans-

form the rare earth elements in their acquired state into

a form that could be worked with easily, e,g., a thin film.

6 Rice, W. W. , Beattie, W, H. , Metal Atom Oxidation
Laser , p. 1

7 ibid #6

8 Ibid #6
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The simplest solution would have been to get wires or

thin foils of each of the elements. But because of either

the cost or the non-availability of the elements in one of

these forms, this solution was discarded.

An effective method introduced in 1969 by Karev et al.

(Ref. 5) was to reduce the oxides of several rare earths

with La or Zr in the form of chips or shavings, "the

metal thereupon being evaporated and condensed on a cold

qsubstrate in another part of the apparatus". This method,

too, was discarded because of the laGk of the necessary

equipment.

It was finally decided to try to deposit the metals

as a thin film by evaporation. The decision was based

primarily on the equipment resources available at the

Naval Postgraduate School and on the requirement that the

film was to be deposited on the inside of a 22 mm I,D.

Pyrex laser tube.

Evaporation is a relatively simple technique for

depositing materials. The material to be applied is heated

to a temperature where its vapor pressure is at least 10

torr. The molecular rays of the material leave it and

travel relatively unobstructed until they reach the substrate

9 Karev, V. N., et al , from abstract of report; Air
Force Systems Command FTD-MT-24-93-71 , Foreign Technology
Division, Wright-Patterson AFB, Ohio, Thin Films of the
Rare Earth Metals

21



surface. The degree of vacuum required is such that the

mean free path of the residual gas molecules is greater

than the distance from the source to the substrate. The

vapor pressure-temperature relationship and the potential

reactions with the heating material must also be considered

Table 3 shows evaporation temperatures for a few of the

rare earths and the resulting evaporation rates. The

temperatures are those for vapor pressure of ,01 torr;

Dushman's equation was used for these calculations,

For film formation, the deposition rate and substrate

temperature are also essential parameters. Substrate

temperature "determines the surface mobility of the arri-

ving film atoms, in conjunction with the forces between

film and substrate atoms. The surface mobility also

influences the number of collisions among film atoms on

the surface of the substrate. Since nuclei for the for-

mation of crystallites can result from such collisions

- at least in the initial stages of film formation - both

substrate temperature and the rate of deposition, i,e w

the number of atoms arriving, are important in determining

the film structure. The material of film and substrate

will again enter the considerations since the binding

forces between the atoms of the film and those of the

substrate determine the mode of growth of the film

10 Powell, Oxley, Blocher, Vapor Deposition, p, 224-225

22



(continuous, island formation, etc.).' It was recommended

that the substrate be heated to an elevated temperature

above room temperature to enhance the film formation of the

elements. This was accomplished automatically with the heat

from the tungsten filament; the exact substrate temperature

was now known, however.

Surface preparation and roughness of the substrate is

another area of concern. The cleaning of the substrates to

be coated by physical vapor deposition is usually more

difficult than that required for other deposition processes

such as electrodeposition or chemical vapor deposition. As

was mentioned previously, the laser tube was made from a

Pyrex tube. Since Pyrex is a very smooth material, it was

assumed that most of the surface contamination could be

removed with acetone. This method of cleaning worked well

in all cases, provided a new Pyrex tube was used each time

material was to be deposited and no attempt was made to

reuse the same tube.

Baking the Pyrex substrate to remove contamination was

also considered. However, it was not done because of the

possibility of depositing a residue of carbonaceous material

on the substrate (from the cracking of the hydrocarbon pump

oil vapors)

.

Thus, the only substrate surface preparation done was to

wipe the inside of the tube with an acetone saturated swab.

Behrndt, K. H., Thin Films , Chapter 1, p. 9

23



V. DEPOSITION SET-UP AND PROCEDURE

Past studies have indicated that the rare earth elements

are active getters, particularly for oxygen and hydrogen.

It was, therefore, necessary to perform the deposition of

each element in as high a vacuum as possible. A VEECO VE

401 Evaporation unit (Fig. 16), capable of maintaining a

— 6 —7
pressure of 10 - 10 torr, was used in the deposition of

the elements. In private conversation, the personnel at

the Rare Earth Information Center of the Iowa State Univer-

sity recommended depositing the metals in a vacuum of

10 ° - 10 torr; this would insure that the elements being

deposited would be of relatively high purity. An attempt

was made to further improve the vacuum in the chamber by

placing a 0.25 mm zirconium wire between a second set of

electrodes. After reaching the minimum pressure of the

system, the zirconium wire was heated by passing an electric

current through it. It was hoped that the hot zirconium

wire, acting as a gettering material, would further reduce

the oxygen partial pressure. After the pressure had

stabilized, the current was turned off and the deposition

process continued. (It should be noted that the pressure

gauge on the VE 401 unit did not provide accurate pressure

— 6
measurement below the 10 torr range.)

Figure 17 and 18 show the Pyrex tube/filament setup for

the actual metal deposition procedure; included is the

24



filament, a slotted Pyrex shield, and the laser tube.

Three-strand, 0.025-inch tungsten, loose-lay wire from

the R. D. Mathis Company, Long Beach, California was used

both to support the rare earth element nodals and also to

act as the heat source. Tungsten, tantalum, and molyb-

denum are three commonly used heat sources. Of the three,

tungsten has the highest melting point (617 0°F) compared

with tantalum (5425°F) and molybdenum (4730°F) . D. H.

Dennison et. al. conducted a series of experiments with the

liquid rare-earth elements to determine the solubility of

tantalum and tungsten in each. Their data showed tungsten

was a better refractory material "since tungsten is less

soluble than tantalum in the liquid rare-earth metals by

a factor from 2 for Sc and the heavy lanthanides to 10 or

greater for the light lanthanides". (Ref. 6)

Table 2 lists the rare earth elements used in the

preliminary experiments. Also included in the table is

copper, which was used to verify that the proposed deposi-

tion technique was plausible; the results will be discussed

shortly. The current in the table is the current used for

the deposition process. In most cases, it was also the

current at which evaporation was first observed. The VE 4 01

12 D. H. Dennison, et.al., Journal of the Less Common
Metals Vol II, "The Solubility of Tantalum and Tungsten in

Liquid Rare-Earth Metals", p. 423
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unit bus bar arrangement shown in Fig. 19 was used in all

the depositions. A wire diameter-current-temperature

nomograph is shown as Fig. 20 and was used to give an

approximate wire temperature during the deposition process.

The particular rare earth element to be deposited was

either sawed into small pieces with a clean jewelers

hacksaw or cut with a pair of "nibblers". The physical

size and shape of each piece varied depending on the adept-

ness of the individual doing the sawing/cutting. Average

length of each piece was 3-4 mm; the size was purposely

kept small so that they could be placed between the strands

of the tungsten filament. Care was taken not to contam-

inate the metal with any grease or other foreign material

on the tools.

Approximately 3.5 cm of length on either end of the 30

cm long tungsten filament was used to clamp the filament

to the heater posts of the VE 4 01 evaporation unit. The

remaining length provided the support for the pieces of the

rare earth element. The pieces were placed between the

filament strands on 1 cm centers. Major disadvantage of

this method is that a uniformly thick film is not produced.

Rather, there were alternating thick and thin portions along

the entire length of the surface because of the over-lapping

effect from the metal pieces on either side of any one

particular node. By placing the pieces close enough to-

gether, it was hoped that a more uniformly thick film would
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be obtained. After placing all the rare earth element

pieces on the filament, the components in the deposition

process were placed in the vacuum system and assembled as

shown in. Fig. 21. The system was then pumped down to its

minimum pressure. Further system pressure reduction was

made with the heated zirconium wire (i.e., oxygen partial

pressure)

.

Heating, as evidenced by the orange-red glow of the

tungsten filament, first started at the center of the

filament and progressively spread in both directions as

more current was applied (current was controlled with a

rheostat and monitored with an ammeter built into the

system) . A direct result of this uneven heating was the

fact that more material was deposited in the center of

the laser tube than on the ends.

Before deposition with the rare earths began, a pre-

liminary experiment was made with copper as the test

material to determine whether or not this unevenness

would be critical to the success of our experiments.

The thickness comparison was made by noting the optical

density along the length of film; in the center no light

was able to pass through the film while at the ends it

was possible to see through it. The laser tube was then

placed in the system and electrical connections made to

the HV laser heads. The connections were made with

silver conducting paint and short lengths of resistor

27



leads. After checking the continuity with an ohmeter, a

high voltage (10KV) charge was applied. The result was

that the copper film completely vaporized. This simple

experiment served two purposes. The first was that this

led to the belief that the extra build-up of material

was not critical to the experiments; and secondly, the

experiment demonstrated that we could vaporize a film with

our system.

As the filament became hotter, it had a tendency to sag

or twist and then, in most instances, to come in contact

with the Pyrex tube. The direct result of this was heat

being conducted away from the filament at that point, which

resulted in poor film production in the same area. By

placing ceramic beads along the filament the heat loss was

reduced but not totally eliminated as had been hoped.

Once evaporation of the metal was observed, the current

was not normally increased ^(a few times, however, it was

necessary to increase it in order to melt the metal near

where the filament was touching the sides) . Depending on

the circumstances, the time to complete the deposition

process from time evaporation was first observed, was

between thirty seconds and one and one half minutes.

After completion of the process, the tube was allowed

to cool several minutes. When the system was opened to

atmosphere, care was taken to note any unusual occurrences

(e.g. flashing, oxidation, etc.) and to be prepared to take

any precautionary steps.
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VI. EXPERIMENTAL RESULTS

The first series of experiments were to have been made

with holmium, dysprosymium, erbium, terbium, and gadolinium;

these elements were chosen primarily because of their slow

oxidation rates.

The first element of the group to be tested was terbium.

In our preliminary deposition experiments it was the

easiest element of the five to work with and the only ele-

ment to completely wet the filament.

Terbium came in the form of thin, brittle chips. It

was cut into small triangular pieces approximately 3-4

mm in length and 2 mm wide with a pair of "nibblers".

The pieces were then placed between the strands of the

tungsten filament. The filament along with the remainder

of the equipment (laser tube, etc.) was assembled and

placed in the VE 4 01 evaporation unit.

The experiments discussed in the remainder of the section

were done with terbium; because of the time element, no

experiments were conducted with the other four elements.

A. EXPERIMENT I

Deposition progressed smoothly until the filament began

sagging; it continued to sag until it came to rest on the

side of the slotted Pyrex shield. Metal was deposited on

both ends of the laser tube but not in the center due to

heat conduction away from the filament at the point of con-
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tact. Silver conducting paint was used to complete the

strip.

The tube was placed in the laser system and electrical

connections to the high voltage heads were made using silver

conducting paint and short lengths of conducting wire. Con-

tinuity was checked with an ohmeter.

When the manual trigger switch on the PG-10 control box

was depressed/ only the silver conducting paint was vapor-

ized and not the terbium. The voltage was 10 KV (35

joules) and the pressure approximately 29 torr . Figure 22

is the trace of the IR detector output. Note the blank

portion between forty microseconds and one hundred ten

micro-seconds. Further investigation of this segment is

necessary to determine whether lasing action was respon-

sible for the observed output. The photomultiplier output

was not photographed because a second oscilloscope was not

available. Figure 23 shows the laser tube after the

experiment.

B. EXPERIMENT II

The second deposition attempt was slightly more suc-

cessful. There still remained the problem of the tungsten

filament sagging at high temperatures and coming in contact

with the side of the tube. This time, however, more current

was allowed through the filament to compensate for the heat

loss. The terbium strip was completed but the tube cracked

in the process.
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Not wanting to waste the material, the tube was care-

fully placed in the system and the crack covered with a

rubber-like sealant.

After the tube was placed in the system and electrical

connections made, the resistance was measured. The resis-

tance of the strip was measured between the high voltage

laser heads; it measured approximately 1000 ohms and

decreased as the silver conducting paint dried (the minimum

resistance observed for the eight experiments was about 200

ohms) . The voltage was set at 10 KV and the pressure at

22.75 torr.

Approximately seventy-five per-cent of the material

vaporized when the manual trigger switch was depressed.

The remaining amount did not appear to physically change

(i.e. color, shape, etc.).

No record of the output was made since the trace of

the oscilloscope to which the IR detector was connected

drifted off the face of the scope. The photomultiplier

oscilloscope failed to trigger.

C EXPERIMENT III

Several ceramic beads were placed at equal intervals

along the filament in order to keep it from coming in

contact with the side of the tube. This worked very well;

the material was deposited more uniformly than in the pre-

vious two attempts. The only unusual characteristic of

this film was two "crystalline" sections directly opposite
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each other. Resistance of the strip again remained at

1000 ohms and decreased as the silver paint dried.

The tube was connected as had been done before. The

voltage for this experiment was selected as 15 KV (787.5

Joules) and the pressure stabilized at 20.22 torr

.

As the voltage increased toward 15 KV, the system fired

prematurely (the spark gap was set to close for such a high

voltage). The pressure dropped to 19.84 torr. Approxi-

mately 95% of the film vaporized (Fig. 24)

.

The IR detector output (Fig. 25) did not appear to detect

any lasing phenomenon, only an electrical ringing effect.

Note the trace begins at about forty microseconds; what is

happening, i.e., the presence of lasing, between zero and

forty microseconds must still be determined. The photo-

multiplier trace (Fig. 26) appears blank, but between 180

microseconds and 200 microseconds there is a faint diagonal

line crossing the x-axis at about 196 microseconds.

D. EXPERIMENT IV

The material was again deposited on the laser tube

without any difficulty. The tube was placed in the system

and the electrical connections were also made without any

problems; the resistance still measured about 1000 ohms.

The voltage was selected as 12 KV (to prevent premature

firing) and the pressure at 14.78 torr. Only a small amount

of material vaporized however when the trigger switch was

depressed (Fig. 27).
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The IR output (Fig. 28) shows what appears to be a damped

wave form with equally spaced spikes. This was thought to

be electrical in nature and not a direct result of the

reaction. The "grass" in the first thirty microseconds of

the photomultiplier output (Fig. 29) was assumed to be the

result of the spark gap firing.

E. EXPERIMENT V

Both the slotted inner tube and the outer laser tube

broke during the deposition process. This was a direct

result of a combination of factors: The first is the

concentration of heat at the point of contact of the ceramic

bead on the side of the Pyrex tube and the second is the

snug fit of the two tubes (i.e., there was not room for

adequate thermal expansion of the slotted tube)

.

The second attempt was slightly more successful. The

terbium strip was deposited on the laser tube but the

second slotted tube cracked in the process. The resis-

tance of the strip again measured something less than 1000

ohms.

Figure 3 is the IR detector output. The blank portions

are thought to be the result of lasing action; however,

further investigation is required to either affirm or

disprove this postulation. The photomultiplier output is

shown as Fig. 31; the quality of the photograph is poor and

therefore of little apparent value.
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The voltage for this experiment was 12 KV (504 Joules)

and the pressure about 19.44 torr; there was little

noticeable pressure change. Figure 32 shows the tube after

the firing.

F. EXPERIMENT VI

Since there were no more slotted tubes to be used, it

was decided to coat the entire inside of the laser tube

with terbium. This was accomplished without difficulty.

The resistance was the same as before.

No record of the test was made, however, because of a

careless error and an oversight on the part of the experi-

mentor. The IR output looked similar to that of experiment

V. However, before a record of the trace could be made,

the oscilloscope was turned off and the output lost. The

photomultiplier was not used in this experiment because of

an oversight error.

G. EXPERIMENT VII

Again the entire inside of the tube was coated with the .

metal. The resistance measured the same as before, the

voltage was selected again at 12 KV and the pressure was set

at 15 torr.

The IR output (Fig. 33) looks very similar to that of

experiment IV. The spikes are thought to be system noise

detected because of an improperly assembled instrumentation

set-up; this could explain the similar output in experiment

IV. The photomultiplier output (Fig. 34) illustrates an
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unusual occurrance in the first 65 microseconds. Figure 3 5

shows the laser tube after the experiment.

H. EXPERIMENT VIII

The last experiment was again made with a completely

coated tube. During the deposition process a crack developed

in the laser tube because of filament contact with the side

of the tube. Nevertheless, the tube was placed in the system

and the necessary electrical connections made. The voltage

was again selected at 12 KV, the pressure, however, steadily

increased because of the crack (at the time of firing the

pressure was approximately eight ram Hg)

.

Figure 36 is the output from the IR detector. Note the

blank portion starting about fifty-five microseconds and the

faint diagonal trace at about ninety-five microseconds. No

photomultiplier output was obtained.
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VII. CONCLUSIONS AND RECOMMENDATIONS

A series of eight experiments were conducted; the rare

earth element in each experiment was terbium. This element

was as excellent choice to begin our experiments with in that

it was easily handled and cut into the proper size for the

deposition process. The remaining nine rare earth elements

may be considerably more difficult to work with due either

to the form they are in (some elements are formed into short

cylindrical pieces) or their hardness. For this reason,

a slight modification in the deposition process is advis-

able if it is found that the present method proves too

difficult.

One possible alternative might be to use a tungsten

mesh in place of the three strand tungsten filament. In

this manner, nearly all the pieces of the element would be

utilized and not just the ones that fit snuggly between the

filament strands (with the present method the smaller pieces

normally are not used because they can not be made to stay

on the filament)

.

It may be advantageous to apply a method similar to

the one suggested by Karev (Ref. 5) to produce the thin film.

If this would not involve a great deal in time or expense,

serious consideration should be given to this method.

The present method of deposition does not allow for

measurement of the film thickness during or after the deposi-
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tion process. If it is desired to have the film on the

inner surface of the laser tube, as is the case now, and

if the quantity of metal is desired, a method of thickness

measurement must be devised. One such method recently

suggested is to use an electron microscope. The feasi-

bility of this method has not been explored but the idea

merits more attention. A second alternative might be to

use separate long, narrow Pyrex slides (similar to micro-

scope slides) if the necessity for the element to be on

the inner surface is not so critical that it can be

relaxed. This method has several advantages: 1) more than

one slide can be made during the deposition process; 2)

thickness of the film can be easily monitored, such as with

a Sloan thickness monitoring device or some other similar

device and 3) a more even film will be made since the

distance between the filament (or a mesh) and the substrate

can be varied to determine the optimal distance for both

deposition uniformity and thickness monitoring. Thickness

measurements using optical transmission or reflection

characteristics of the film, by observation of interference

patterns and colors, should also be considered.

The filament in all the cases began sagging or twisting

as more current was directed through it. A seemingly

satisfactory solution was to place three or four ceramic

beads along the filament. It should be noted that in several
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instances when the beads came in contact with the sides of

the tube, a sufficient amount of heat was conducted away

from the filament to cause degraded metal deposition in that

area and in a few cases cracking of the tube(s). Until a

better solution is found, the ceramic beads are still the

best choice to prevent the filament from coming in contact

with the Pyrex surface.

The alignment procedure discussed in Appendix C, while

satisfactory, is not the best possible procedure. The

procedure discussed in Ref . 2 is a much better method and

consideration should be given to use the same or similar

method.

After several experiments the inside of the NaCl

windows became coated with the products of the chemical

reactions, which made it increasingly difficult to align

the system. Changing the windows after two or three exper-

iments would make aligning the system much easier and may

even enhance the output to the detector.

While only a cursory set of experiments with terbium

have been made, there remairs a great many other conditions

(i.e. voltage/pressure combinations) that need to be

examined. This applies not only to terbium but also to

the other rare earth elements. Consideration should also

be given to using other gases besides oxygen, such as

chlorine or fluorine, but only after the necessary safety

precautions have been taken.
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Although we were not able to achieve positive lasing

action from our experiments, there remains sufficient

optimism resulting from these experiments, and at the Los

Alamos Scientific Laboratory, to warrant continued inves-

tigation into the possible lasing properties of the rare

earth elements as applied to the chemical reaction

M + XY-**MX* + Y.
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APPENDIX A

Fig. 1 Output coupling mirror mounted in three
degree of freedom mount and IR detector

Fig. 2 Experimental Test Section
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Fig. 4 Metal Atom Oxidation laser Set-up

Fig. 5 Skinner Solenoid Valves
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Fig. 4 Gas/Vacuum Valve Control Panel

Fig. 7 Baratron-170 Pressure Readout Unit
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Fig. 8 HA-51 Variable Power Supply

Fig. 9 High Voltage Selection Meter
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Fig. 10 High Voltage Charging Control Box
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, . ifnatm^ntk

Fig. 11 Spark Gap Enclosure and Copper F/lectrodes

Fig. 12 Spark Gap Assembly Showing Also the
Tungsten Electrode
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Fig. 13 PG-10 Pulse Generator
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Fig. 14 SBRC Ge:Au IR Detector
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Fig. 15 Oscilloscopes Used to Monitor The Output
Radiation
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Fig. 16 VE 401 Vacuum Evaporation Unit
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Fig. 17 Disassembled Components of Laser Tube Used
In Metal Deposition Process
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Fig. 18 The Assembled Components
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Fig. 19 Bus Bar Arrangement

WIRE DIAMETER-CURRENT-TEMPERATURE-NOMOGRAPH
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Fig. 21 Assembled Laser Tube Placed in VE 401
Evaporation Unit
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Fig. 22 Experiment I-IR Output
Horizontal Scale 20 microseconds/cm
Vertical Scale 1 Volt/cm
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(A)

(B)

Fig. 23 Top (A) and Bottom (B) View Of Laser Tube
For Experiment I
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(A)

1*.

(B)

Fig. 24 Top (A) and Bottom (B) View Of Laser Tube
Experiment III
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Fig. Experiment III-IR Output
Horizontal Scale 20 microseconds/cm
Vertical Scale 2 Volts/cm

Fig. 26 Experiment ni-Photomultiplier Output
Horizontal Scale 20 microseconds/cm
Vertical Scale 2 Volts/cm
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(A)

(B)

Fig. 27 Top (A) and Bottom (B) View Of Laser Tube
Experiment IV
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Fig. 28 Experiment IV-IR Output
Horizontal Scale 10 Microseconds/cm
Vertical Scale 5 Volts/cm

Fig. 29 Experiment IV-Photomultiplier Output
Horizontal Scale 10 Microseconds/cm
Vertical Scale 10 Volts/cm
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Experiment V-IR Output
Horizontal Scale 10 Microseconds/cm
Vertical Scale 5 Volts/cm

sin

yift^S^Xv:-;-

Fig. 31 Experiment V-Photomultiplier Output
Horizontal Scale 10 Microseconds/cm
Vertical Scale 5 Volts/cm
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(A)

(B)

Fig. 32 Top (A) and Bottom (B) View Of Laser Tube After Firing
Experiment V
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Fig. 33 Experiment VII-IR Output
Horizontal Scale 10 Microseconds/cm
Vertical Scale 5 Volts/cm

Fig. 34 Experiment Vll-Photomultiplier Output
Horizontal Scale 10 Microseconds/cm
Vertical Scale 5 Volts/cm
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>

(A)

(B)

Fig. 35 Top (A) and Bottom (B) View of Laser Tube After Firing
Experiment VII
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Fig. 36 Experiment VIII-IR Output
Horizontal Scale 10 Microseconds/cm
Vertical Scale 5 Volts/cm
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PWR
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Switches shown in valve shut
position.
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SW\
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Fig. 38 Typical Valve Control Circuit
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nr ^a

5"

Adjustable
- IV*

Trigger input

Spark Gap Electrodes are IV. Copper hemispheres mounted on

5/8" copper rods. Enclosure and supports are V plexiglass.

Fig. 42 Spark Gap Construction
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APPENDIX B

PROPERTIES OF RARE EARTH ELEMENTS

Estimated

Atomic Atomic Abundance,

Symbol No. Weight ppm

Atomic Melting Heat of Boiling

Density, Volume, Point, Fusion, Point,

g/cm3 cm^/g-atom C kcal/mole C

39 88.92 28-70 4.472 19.7 -1547 4.1 3027

La 57 138.92

Ce 58 140.13

Ft 59 140.92

5-18 6, 162 (Hep) 22.43

6. 19 (Fee) 22.48

20-46 6. 78 (Fee) 20.58

6. 31 (Hep) 20.7

3.5-5.5 6. 776 (Hep) 20.79

6. 805 (Fee) 20.71

Nd 60 144.27 12-24 7.007 20.5

920±5 2.4 4515

304±5 2.2 3600

935±5 2.4 3450

1024±5 2.6 3300

YTTRIUM

LANTHANUM '

CERIUM

PRASEODYMIUM

NEODYMIUM

Pm 61 145 No stable isotopes PROMETHIUM

Sm 62 150.35 4.5-7 7.540 20.0 1052±5 2.6 1900 SAMARIUM

Eu 63 152.0 0.14-1.1 5.166 29.0 826±10 2.3 1700 EUROPIUM

Gd 64 157.26 4,5-6.4 7.868 19.79 1350±20 3.7 3000 GADOLINIUM

Tb 65 158.93 0.7-1 3.253 19.11 1400-1500 3.9 2800 TERBIUM

Dy 66 162.51 4.5-7.5 8.565 18.97 1475-1500 4.1 2600 DYSPROSIUM

Ho 67 164.94 0.7-1.2 8.799 18.65 1475-1525 4.1 2700 HOLMIUM

Er 58 167.27 2.5-6.5 9.058 18.29 1475-1525 4.1 2600 ERBIUM

Tm 69 168.94 0.2-1 9.318 18.12 1500-1550 4.4 2400 THULIUM

Yb 70 173.04 2.7- 6.959 24.75 824±5 2.2 1800 YTTERBIUM

Lu 71 174.99 0.8-1.7 9.849 17.96 1650-1750 4.6 3500 LUTETIUM

Table 1
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ELEMENT TEMP
( O

EVAP.
RATE

Dy 1128 1.99X10" 4

Nd 1345 1.74X10" 4

Pr 1429 1.68X10" 4

La 1740 L.53X10" 4

(g/cm -sec)

Table 3

Evaporation Temperatures and
Rates of Evaporation 13

13
Powell, Oxley, Blocher, Vapor Deposition, p. 224-225
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MONOXIDE " H
f o

(

ffif^

LaO 31.3

NdO 36.9

PrO 33.3

SmO 34.5

TbO 20.0

DyO 20.1

GdO 17.8

HoO 23.8

ErO 17.1

YbO -7.2

Table 4

Heats of Formation for .Gaseous
Rare Earth Monoxides

Ames, L. L. , Walsh, P. N., White, D. , "Dissociation
Energies of the Gaseous Rare Earths", Journal of Physical
Chemistry, Vol 71, Number 8, p. 2714, July 1967
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APPENDIX C

Laser Tube Pi
Ml

,, „ M2 DET
1

T"
alignment
laser

ALIGNMENT

Following are steps used in the alignment of the

laser optical cavity:

1. Direct laser beam (He-Ne) through both NaCl

windows so that it is centered as nearly as possible.

2. Adjust Mirror 1 (Ml) so that laser beam impinges

directly at the center.

3. Place pin hole (PI) on the optical bench and

adjust height for maximum output through pin hole.

4. Adjust Ml so that the reflected beam strikes

the pin hole.

5. Place the output Mirror (M2) on the optical bench

and adjust for maximum output.

6. Readjust Ml so that reflected beam impinges

directly on the hole in M2

.

7. Adjust M2 to put its reflection on the center of

Ml.

8. Place IR detector pedestal on the optical bench

(be sure it is level)

9. Place detector on pedestal so that it is facing

the laser.
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10. Raise or lower pedestal until laser beam enters

the detector directly centered. Remove detector when

completed.

11. Suspend plumb-bob from the top of the plexiglass

enclosure and move it until laser beam strikes the

string.

12. Repeat 11 for opposite side of the pedestal (this

will hopefully give a direct line of sight from the

detector along the longitudinal axis of the optical

cavity)

.

13. Mark the base of the detector (front and rear) such

that the detector entrance window is as nearly perpendicular

to the longitudinal axis as possible.

14. Place detector on the pedestal with window facing

M2 . (be sure marks on pedestal and those on detector are

in line.)

15. System is aligned; remove alignment laser.

EQUIPMENT

1. One small He-Ne or similar laser

2. One adjustable triped

3. One level

4. One plumb-bob

5. Two three-degree of freedom mounts

6. Two 10-meter radii gold surfaced mirrors

(one with 1 mm output coupling hole)
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7. One pin-hole (about 2 mm hole.)

8

.

One detector pedestal

9. One detector
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APPENDIX D - FIRING PROCEDURE

The following is a step-by-step procedure that was

used to vaporize the metallic film once the laser tube

was placed between the high voltage heads and electrical

connections made:

1. Check high voltage rheostat on HA-51 power supply

is set at zero (no power otherwise)

.

2. Turn on HA-51 power supply (green lite on)

3. Push HA-51 high voltage start button (green lite,

out, red lite on)

4. Pull manual grounding plug on top of plywood

enclosure

5. Select desired voltage

6. Turn charging system on (top switch next to high

voltage selection meter)

7. Turn HA-51 power stat to approximately 40

8. Check charge-dump switch on portable charging

box in the dump position

9. Place portable charging box power switch to on

(amber lite on)

10. Select desired pressure

11. Charge-dump switch to charge (amber lite out)

12. Punch charge button (yellow lite on)

13. Green lite on when charging complete

14-. Depress manual trigger on PG-10 box to fire
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To Dump

1. Turn HA-51 high voltage rheostat to zero

2. Depress primary dump switch (momentary toggle

switch next to high voltage selection meter and below

charging circuit switch)

3. Portable control box charge-dump switch to dump

(amber lite on)

4. Portable control box on-off switch to off to

extinguish ready lite may be turned on as desired
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APPENDIX E

DIATOMIC MOLECULAR SPECTRA CALCULATIONS

Included in Ref. 2 is a computer program written in

basic language to determine the wave number and wave

length for the P- and R- branch transitions (AV =1)

for a number of diatomic molecules.

This program was used to find the wave number and

wave length for the P- and R- branch transitions for

GdO, LaO, and PrO. The constants used in the calculations

for GdO and PrO were found in Ref. 7 and apply to the "X"

(ground state). The constants for LaO came from Ref. 8

and also apply to the "X" state, no other constants were

found for the remaining seven rare earth diatomic mole-

cules.

The constants were assembled in matrix format according

to the following assumptions:

60e~Y
10

Be ^ Y
Q1

De f>J -Y
Q2

QeYe ^ Y
3Q

Ye ~Y
21

^eXe ^ -Y
2Q

°^e ** -Y
±1

*
e /v -y

±2
WeZe ~

e x
31

"Y
40

The Matrix therefore became:

Y
00

Y
10

Y
20

Y
30 * * *

Y

Y
01

Y
ll

Y
21

Y
31 * * '

Y
1

Y_ Y
om lm

Zero was used to fill in for unknown, constants.

82



GdO

LaO

PrO

B ft Dc GJe. ^e*a ^e 4 we Ye <0c 2e t s..

841.0

317.26

818.9

3.7

3.097

1.2

O.040(

83



u> cmcm cmcmcm cm cm cmcm cm cmcm cmcmcm cmcm cm cm cm cmcm cm cmcm

lu o> o> <y> tr>o o* o* ct* <j* o> rj>oo cj> o* o^ o> cr> o> cr> ej> ct> rj> cj>o
2 enm en en rn ro rom enen enm rn enmmm enmm enmm o"> rnLUOOOOOOOOOOOOOOOOOOOOOOOOO

,>CMCMiMCM«MiM(MCMCMCMtMrMCMiMCM«MiMCMiMcMiMrMtMtMog

3

a Q
X
oujmm rnen ro r*i en en enm en en rn romm en rn en ro en en en rn rn

> rn en enenen en en enen en en en en en en en en en en en en en en en en
< co oo ao a3 oo oo co co oo co oo oo co go cq co cs 00 co co ao co ao oo ao

o a
2 CM CMCMCMCM CM CM CM CM CM CM CM CMCM CMCMCM CM CM CM CM CM CM CMCM M

• ••••••••••••••••••••••••X
UJ »0 v-0 vO vO *0 -O *0 *0 -O vO "O -O vO -O ^O -O <0 -O -O -O •O vO -o »o vO O
>CMCM CMCM CMCM CM CM CMCM CM CM CMCM CMCM CMCM C\l CM C\J CM CM CM CM
< 00 CO 00 00 00 GO 00 GO 00 CO CO 00 00 CO CO CO 00 00 CO GO CO CO CO CO 00 ZL

O 0^cMrO»J"Ln>or*-cocj»©^cMco»*'
O^CMCO»*'m«Or-COCJ>^»-«^^Ht^^»-«^^(^CMCMCMCMCM

—i

o
Q
<
CJ

erf

o
tu

CO
2
o

CO

I— <
OCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM CC
2 >0 >0 ^O ^O "O *Q >0 -O >0 ^0 >0 ^0 *0 ^O «0 vO *0 >fl "O *o *0 >0 vO *o <j E-

'

jc^rjAe^cj^c^c^e^c^c^c^c^cj^o^O^c^o^c^c^cj^cj^o^o^cjNrj^cj* !£^•••••••••••••••••••••••t«CJ

3 K

-J
O
a- <

CSC Q£
o

u. tu
O o«^cMen»4'Lnvorw coo>0'^CMm>**
0^cMen»ttr»vOr^ooo^t-4^»H-<^^^^f-i^cMCMCMcMCM co

-J 2
o
I—

I

HM
CO

X 2
C3 -O »0 -O -O vO vO "O ••O »0 -O \0 -O vO ^O *0 -O >0 ^O <0 *0 »0 >0 >0 vO *o K
Zcncnrnmcncnfncncncorocococomcocoeocococococococo E—OJOOOOOOOOOOOOOOOOOOOOOOOOO
LU • • • • •••»•••••••• • ••#•••••_
^ (MCM CMIM CMCMCM CMCMCM CMCM CMCM CMCM OJC\J CMCMCM CM CM CMCM 2
<—, ,-_—,—, , <

CO

o

a
2
<

' ^O »0^ ^O <3 >0 >0 >0 *0 >0 ^O ^O ^O ^3 nO ^O >0 >0 "O ^O ^O nO vO >oo &<

Lumenenenmenenrnenrnenenenenenenenenenenenenrnenen o
^enenenenenenenenenmenmenenenenenenenmenenenenen
<5. <ju uj co uj uu go au aj co ao co cu uj uj uu co co uj jo uj uj uj co uj aj O
.5 H

O

Q2
<

i

:CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM OX

LUvO ,^ vO vO^O vO vO ,O^O vO sO vO"O vO >O^J^ NO vO vO vO sO vO >O vO '-,

><M CM CM CM CM CMCM CMCM CM CMCM CM CM CM CM CM CM CM CMCM CM CM CM CM
^ 00 CO 00 00 00 UJ CO CO 00 CO 00 00 GO CO CO CO CO CO GO CO CO UJ 00 CO GO O
-s H

CNJ

II

>
II

>

"J

Q.

O 0«-«cMcn>rtr\>*jr*-aorj>o*"*cMcn>rm
"*CMm^t^Or"-COCT>«-*f"H^^»Hi-*«-I^^^CMCMCMCMCMCM

u.o o^^cMen>rir\Nor^coo>o ,-,cMen>rvn
f-«CMm^lC> ,Or-aOO>^'^^^'^^^^«^^CMi"MCMCMCMi.-M

85



X
I-

zm com enen ro en co co enco commen en enmro coco coco com
—I CNJCM CMCMCM CVJ <\J CM (\JCMCM C\J CMCM (\iCM CM CMCM C\J C\JCM<M CMCM
LU *•«•»••••••*. •••••« •••«•«
>CMCMCMCMCM CMCM CMCMCMCMCMCM CM CMCMCM CMCM CMCM CMCMCM CM

j:

w >*" >r >r «r >r vT -r >r vf >r >r >r >r >r ~r -r >* -r >r >r >r -^ >r >j- -r
z >i- >r <4- ^r >r >*• -4" >r^ vj- >j- -4- >r -4- ^- ~r >r sr >r >r >r >r -r >r -4-

UU CM CM CMCM CM CMCMCM CMCM CMCM CMCM CM CM CM CM CM CM CM CM <\l CM CM
_i co cncoco en en co ro en ro en ro enromm ro <n enm ro ro ro rom
LU .•..«.« t . 9 t ............ t .

> CM CM CMCMCMCMCMCM CM CM CMCM CMCM CM CM CM CM CM CM CM CM CM CM CM

2

• CJ*CJ»Q>CJ%CJ»CJ»CJ»CJ<CJ>CJ*CJ>CJNC^C^CJ>(^CJ*CJ*CJ^

OCj>ej%c^ejvej»rj>cjv ej*cj»cj*ej»cj»cj^cj>cj»e^(^c^ej>rj>c^e^ >0>Q
•r*-i—

i

• ••••••••••••••••••••••••X
ujcooocoa3coa3a3cococDaoaDcocoaDa3^0QOCO:X)cocO'TDcoa30

<jcococococoaoaococoaoco jo cDOcococoao cocoas oo cocdcos
3C 3

«<j>cjsej>c^C7»(Jx (^oN 0>C7>tJ>ejNCj»C7> C7*C7N ej>c7^C7«ej^rj*c7s lu
OO^c^u*ej»cj*c^<jr'tj»(/»rj»cJj*c/>rJFO>cj*u*cj*o> 0*cj* q
ZroeocoeoeoeoeororororomroeOfnrommmromroenenro i—

i

• •••••••••••••••••••••a* X

•< CO CO 00 CO CO CO CO CO CO CO CD CO CO CO CO CO CO CO CO CO CO CO TO CO CO 2
3 3

-3

at

o
<

OS
o
ti-ll.

o O'HCMeO't'msor-cooo^cMro^
O«-*<^eo >fin sO r» co o* ^-tfH i-i t-i^—I «-« —*—*—i cm cm cmcm cm c/d

O

o
a— <

ac as
o

UL ti.

O 0»-«CMeo»rmvOr>-coo^O-^eMro>r
O^eMro-l-msOr^coc^^—i-h—(^^^—t^—<cMojrNjrM(M co

x z
»- <
Z roro ro en en en eo en en en en en en en en ro en enen en en co ro ro en t->

_j cmfN CMfv cm cn cmcn cm,cm cmcm cmcm cmcmcm cm.cm cmCMcmcmcm cmX^•••••••••••••••••••••••* *CJ
>CMCMCMCMrMCMCMCMCM<MCMCMCMCMCMtMCMCMeMCMCMCMCMCMCMZ

«
i

a
z
<

• 0* ej> rj» en cr» eg* o> u> v/» (J*O c* ej> g> rj> u> ej» tr> rj» tr>o» en o*> ct» ej>

q rj> e/» cj* CJ* c^ on c> cj» cj^ cj» o> o^ O^ 0^ C7^ e^ c^ c^ i

Lua3oocococoa3cocoaDcococooocococococoQ3cocoaDa3cocoo

^. co co co (joou co <ju co <ju co co ou co co co coco euco coco co co en coo

en

z >*•>* -^ «4- >r **•-* -4-vr^^^r^^^^^Nj-vr^^^^^^ E*
LU CM CMCMCM CM CMCM CMCM CMCMCMCM CM CM CMCM CM CM CM CM CM CM CM CM
jcomrornencnroenrnenenenrorornrproenrororocnrnrnro —
C»CM CMCM CM CM CMCM CMCM CMCM CM CMCMCM CMCM CM CM CM CM CM CM CM CM Z

CO

• cj> er> <J* (J> cr>V c/> y> rj> o^ rj» rcr> <j> o> u^ u> a> cr» en cj» en er> en a* en

Qcj»rj\c>cj»o> rj*cj«c^cj^c^rj*o> e^o^<^cj^o> cj>o> cj^ >

ZrororOeorneOenrnrororOrororornrornrornrororornmro pi.

to

<a co «3 co co co co cy co co co co co co auuo co oo co ao co co ao co co co c

to

II

>
II

>

a 0'^cMni«rui»or*corj>0'^CMen>ru~»
^^CM CO >^ lf> ^O P* CO CJ> *H t-4»H i—• •-• •—• •—•»H •-•iH CMCM CM CM CM CM

u_
o 0'-<cMm«Tir>Hjf*-cou,o^^cMm>rir\

»-• cm ro <4" irto f- co ej> •-• <-< •-* ~* •-•»h i-h <* •-< •-»cm cm cm cm cm cm

86



OCOOSQOaOCOGOaOaOGOCOaOCOOOCOGOCOOOCOGOGOGOaOCOGDGO

lu ro ro ro ro ro ro rom co ro ro romro coco co co co ro ro tom ro ro
-i >t** «4- *4* >* -^ •* -4" "4* *4* «* -4- -4- >*• >4* -4" -4-^ »t >fr >*• -4- >r 4*

XM egtMeg c\i c\j egegeg eg c\j (\j (\jegegcm (\j egegcmeg egeg egeg

ZfO(
LUU"U

111 • • • •••••••••• •••••••••»••
.>cm cmcm cm cm cm rg cmcm cm cmcm eg cmcm eg cm eg t\i eg eg eg cm eg eg

.2

' -r -4-^ -4" >r -4- »r -4- vf >4- >r -4- -4- >r -4- >*• >r -4- -r -r ^r *4* «* >r
irOcncocncncocOcococOrOcorocorocnrocorOrnrncncnco
\ in in in in in in in inm inin in in in inm in in inmm inm in
imininminmmininmmininmininmmmmmmmm

OOOOOOOOOOOOOOOOOOOOOOOOOOQZOOOOOOOOOOOOOOOOOOOOOOOOO hh
• . j •»••••••••••••• .x

LU >*• vf -4- «* -4" -4- >t <f -J- «4->t -4- -4"^ >4- -4- «4- <4- >4- <J- -4- >* *4" v* -*•O>ooooooooooooooooooooooooo
<caaocoQoaocoaooococoaoa3a3QOQOcocoa3cococoa5cooocos:

a^cj»c^cj*cj>c^o>Qr> <j»o^cj*c7*cjN c7>cjN(j>o^o^c^cj»cj^i^o^tr«a,
«

2'r\ininmminmmmminmmmminmminmininminin

UJvOvOO\0"0 ,OOvO^O^OOvO^O>0>0-0 >0>O vOvOvO'0»0>OvO
>(7s<^0>CJ>C>CJ*O>C7'C^(Tk0s (J*C^C7, CJ*(>CJ>CJ>0^(J*CJ,'O>O,'0>, Os

<a I
s- r^» r>- f^ r*.p^r- (^-h- r»- r^r^ r*. r*r- r«- f«- r- r»r^ r» r* r- f>- r^

c
»—

I

X
o

oa

CC c6
O

U. U-,

O^tNim^tnor^ooc^^^^rH^-i^^^^cMCMCMCMcgco
-? 2

O

U.
O 0»-iegco>4,m-Of>»cooN 0'-»fMco>4"
O *-•<mro >l- in »o r» ao cr •-<•-• ^^ <-<«-<•-<^ »^•-<^ cm cm cm cmcm

Oa
<u
06
O
a,

O

CO
2

oaococooocooocoaocococoooooooooooaoooaoooaoaooooooo

lu ro co ro ro rom ro co co ro ro rom comm ro ro ro ro ro ro co coco
_J st^>r <* «4" >f »* -4T >4T >4t -4T >r >*>* >* >*^ -4: st «* -4: >t >t -4- «4"

XMCMCMCMCMCMCMCMCM CMCM CMCM CMCMCMCM CMCM CMCMCMCMCM CM

Bu2
'S

I

OS

Q
2
<

OOOOOOOOOOOOOOOOOOOOOOOOOO

i

zoooooooooooooooooooooooooa,
UJ ^r «4" >T -4- ^4" -4" >T -4" >!" -4" >* vf <r -4" <T >f >T nJ- »4" ^4- -4" >4- >4- >! vf *^->oogooooowocooogoooaooooog
^coaocucxiaaaaaoaoooaoaocDaDcoaDcococOGOooajajQOooajo

<J »4- -4- >4"^ >4- -4- -4" <1- >4" <f >4- -4- -4- -4- >4" *4" ^4- >4- ~4" >4" >f >f >J- >4- -4-

ZrO(^rocv)fO(^cocOfO(^rocOfOrorofOfOrorororOiOcororo
ujLntn in in in in in in in in inin in in in in in in in in in in in in in
JLnLnlOlO^^^^^^^,^> l^* t^ l^>l'^^3 lf^ l^ tO l^> l^ lr* lf^lf^

lu • • •••••••••••••••••••••••
>CMCM CMCM CMCMCMrg CMCM<MCM CM CMCM CM CMCM CMCM CMCM CM CM CM

CO
2
<

CJ
2
<
si
03

n
2
<

• vO>o>0 NO vo <OvOvO vO >o^ogj >Ovo>o^vO»OvO vO vOv0^o>ovo
QCX>C7N 0^C7^Cr»C7N C^C7*C7*0> C7v 0^l7N O^(J^<7> C7^CJx O, O> C7N C7*Cs C7N C7N i

2in in in u^ in in in in in in inin in in in in in in in in in in in in in cl

LUvO«0^0^0 <0>0'>O vO-0 <O vO sO vO vO>OnO^O nOvO',0>0>OnO->0^0 lo

LO o
II

>
II

>

"J

a.

o 0«-'egr')>rinvor*coo>0'-«Mm ,>ru^
.-«cm co <4"m no r-oo cr> i^ •-• >-t r-t-* -* »-•«^ •-• •-•eg cmcm cm cm cm « eg co >* in >o r*- co cr>«

O«-,egm»Tinv0r-CD0>o^^egni>rin
-« i-h—^-h •-« •-< i-h—a cm cm eg eg eg cm

87



X

lu i*» r>» r- I
s-r- p- r*r-p- r«-p- p- r«-r-p»r- r* p- r

LU... ••••*••••••••••••••.••
> cm f\jcm cmcm (Mcm cmcmcm cm cm (\jcm cm rsj cmcm cm<m eg cmcmcm cvj

X
h-

LUONCJN(j>gNaNg\g\(7»cjN0NON0> ONU*0NCNO, , ONON0N0s ONO> 0N
—i h» p-p- f- p-p- p» p- r» r* p- p- p-p- p» p» h» r*- p- p- p» p— p- r- r^
LU *.••••.»..............., .

Z> CM CM CMCM CM CM CMCM CM CM CM CMCMCM CM CM CM CMCM CM CM CM CM CM CM

•«r «4* <r »r -r -«•>r^ >!• >j- <r >r «^Nf^ >r >«• >4- sr ^r >*• >r >r >i" >f qjoooooooooooooooooooooooooo qZ CMCM CMCMCMCMCM CMCMCM CM CM CM CMCM CMCM CM CMCMCMCMCM CMCM >_,
• ••••••••••••••••••••••• #><;

LUCT^OnOnOnOnCJnOnCnOiO^OnOnOnOnOnOnOnO^OnOnOnOnonOnOnq
>cocooococococooococococQooaococoaocooonoaoooaoaoco
<tr— r*— i— r—f*-r—r—r— r*-f*-r— r—r>-r—r— r^-r— r^i— r^-r^-r— r— r^-f*- *r
^ D

i—

i

z
i—i

J
o
Q

2O O«-«cMrn>i-inv0r*-cncj»o»-<cMm><'
0«-tCMCn-4, irVvOt,^COCJ>.-<t-4^«^4^lt-4»H»-li-«t-»CMCMCMCMCMc/3

-» 2
O
i—

i

H
COX 2

^••••••••••••••••••••.••*c_;
> CMCM CM CMCM CMCM CMCMCM CMCMCMCMCMCMCM CM CMCM CM CMCMCM CM 2:< „m—— . —

—

g
»

PS

Q
<

• vr *r sr >r>r -r ^* -r *r >r >r »r *r >r •>» -r «r *r -r «r >r »r -r >r >r

COOOOOOOCOOOOOOOOOOOOOOOOO

i

Z CMCMCM CM CM CM CM CM CMCM CMCM CMCMCM CMCM CM CMCMCMCM CM CM CM cl,

LU On On O* <7> On (7* CJ> CJ> Q\ C7» <T> On On On0> on o> On s 0»O ON CJ> <J>O vq
>cooococoaoeocococoaococooocococoaocoaocococoaococo
<x p».(^p- («-.r* r-(^ r-p-r^ r*>r- f*- r— p— r*»f- r*- r- f*~ r^ r— i^- r-p*q
-* E-

ii

>

a
zaocococoaococococoaoaoaoaococoaoaocococococoaoGOoo

lii.

> oo co qo co ao co oo ao ao ao oo oo co ao co cd co oo co co go oo ao ao co
< r—p-p—p* r» p«-p- p» p- c- r* r* p*p* r- r* p» p» p* p» p~p- p»p» r-

-J

or

o 0'HCMcn«4"mvOP~ooo>o^cMm«r
O«-*CMmN3-m*0P~C00N»-««-"«»Ht-l«-l.-«t-i.-t«-«^CMCMCMCMCM

to
a
i—i

x
o

3

o
a
<

o

o
I—I

i—i

6 S
LU 0> ON O^ CJ> ON ON 0> ON ON ON ON ON O^ O* ON CJN ON ON ON ON ON ON ON ON ON
jr-p*p~p-p»-p«»p^p*-p^p*p^p*p«-f^p»p*r-r^p*«p^p*»p"»p«-r^r» =
lu ... ^ ...... ; • . 5
>CMCMCMCMCMt\JCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM -^
<

|
pq
i

a
<

a
zcococococococococooooocoaoaocococococococococococo

> co oo co co co co oo coco ao oo co ao a? ao oo ao ao ao co ao co co cy oo
• p>»r»P— r- p*» p«-r- p*» p- r»r» P*r^ p»p* r- r^ r^r- O

H
oo

ll

>

O 0»-«cMCTi»rir\^jr-cocjNO^^cMni>rin
*-* CM CO <4" LA sQ P- CO On i-l «-H—* t-^ i-»r4r-4t-lr-t—»CM CM CM CM CMCM

q o«-«cMONvrir>soP»cooNo^HCMCN)«Tir\
•-I CM CO >4- LC> sQ r- CO 0> '-t—t «-t -^^^ •-< «-«^^ >-l r-i CM <M CM CM CM CM

88



o roco co co co roco rom rnm enm rnen enmmm en ro co rn roenZ coro roro co ro roro rocO ro co rom co co com enm en ro co co ro

HI I • • I • • • • t • • • I I . ) , ,
^CMCMCMeMCMc\jcMCMCMCMC\JCMCMCMCMtMCMCMiMCMCMr\jcMCMCM

e> Co co co oo oo co co oo ao co ao ao co co co ao ao oo co co co co oo ao cd
Z r^r-r- r- t* r^ r-r— r-r— r«-r- r- r«» r- r~- r- r» r» r- r- r- r*» r— r»
wcncnrncncncnrnrncncnrnrnrncnrnrnrnrnrorornrnmrnrn
-IOOOOOOOOOOOOOOOOOOOOOOOOO
lu •••••••••• • . « • • • t .->.... .

XOcncncncnmmmmcnrnfOrocomrnmmmmmrommm

Zmcnmmenencncncncnmenencncnencnencncnrnmmenm ~
• COOOOOCOGOCOCOCOCOCOCOCOCOCOOOOOODCOCOCOOOCOQOCOCO

I4j\0>00>0 v0^0-O v v0»0 v0^0'0v0 v v , v >0v0 v ,0>0 v0^0
>^0>0^0<OnO vO^O vO vO , < % >O vO vO'>O^O vO'0^0^0-0>O vO^O
< r»-r-r— r—r—r- r—r- r»r- r*- r—f— r- r-r» r- r- r»r— r—r» r»r- r*

a
1—

1

x
o

O

2o o»-«,Jrrt-4'u,»Nor^co<^0'^<Mrn>r
O •-*™rn >* ino I** co s •-•—*•* —**+ «-*^h»h •-ti-i cm cmcm cm cm^

"3 "S"

o

£ g
O o»-"fMen>}'inNOr-corj*©.-*CMm«r
O—'<Nm<i-m Nor^^cr^ '-«'-<'-•—<-^^-h •-<-h(nj(M(m cm r\i W

O

t EG
•z

OrOrOrOcOrororOrOrororocoeOrorOrOrorOrorororocOrorOc>
ZrncnrncnrncncncncncneocororncocoeocOrororocococOror*

-^ ........ . » • • • •£^ eg t\jcm cmcmcmcmcmcmcm cmrg c\j cmcmcmcm cmegcm t>j 1>j rvj rvj r\j^

m
1-

oi

a
z

•Mjgjvo^vti ,o >o ,0'4j ,o vogj >x]^ >o >oo vU vO %UMjMjgjvO N

ooN cr> cj*c7>cj*o^cr»c7^cj>cj%<^(3^cj>oNo^cj, (j> c^y< o^cj^oA c7>o^o>
,

Z(^(^fncorn(^corocofn(r>cnmcnfncnco(^(^fOfnrocor^

lu -4- >r >j- Nf ^- >* >r ^- *r vi- >$ >r >r >r >r >» vr >r >4- ^r >* -*• vf <r ->r^

* E-

01

Ocococococococooocococococooocoaococooooocooocococo
2: r^ r»-r- r-r- r«- r-r- r*» r-r» r^r- r* r- r- r^ r- r- **- r- r^ r— r- 1*«

lu romen co rom romm rnm rn rom romm com rom rn re, r^i rn

-IQOOOOOOOOOOOOOOOOOOOOOOOO
UJ • • • # • • . . t . , . . . . t

xomnimmniromninimmrnmrorncnmmrornmmmm

3

CO
z
<

u
z
<

1

oi

a
z
<

toocoGOOococococooocococoaoGooocucocDoooococoajcooa
00> <J^c><?^crc7s c^rj>(^c^cj><T> rj»c^o^<j^ON C7% c^(^o^(j^^cr«cj' '

20>U% 0>rj»cj<rjH<7>(^rj^O>0^Cj»ONCjr>CJ^tJ>C^<J»<^<J»rj%<^ONC7»0> BU

LU-O vO»O vO vO-O v£> vO xO ,O vO vO >£ NO >O ,^ vO vO vO NO >0*O v y£ vO q^

>>0^<J\O vO ,<J vO vO vO vO vO -O^J yO ,0'^ > > ,O vO vO sO vO'<J ,<3 ,<J

<ir̂ r. r̂ r-r,^ P-^ r- r̂ p. r-r.r-r-r-r-r-f-r.r-r-r-r.r- O
.5 H

II

> II

>
-5

a.

*cm ro >rm >o r-co s «

q r-tcm co »r in >o r—00 tr>o*h<mro 'Tm
^^^4^|^4^^4^CMCMCMCMCMCM

O o»^<MfO>r«A«or^ootr>o«-"«MfO>rin
—< CMCO >TinO f*- CO <7>—< •-• »H «-• «-• »H^ -H-4—• (NJ CM CM CMCM CM

89



*
*

<£ +
*• -5

U- - _
to -> «r

a oc *
•* -»
I- u. *
i-« a _j
to *z -j *
< - —
01 •• in
»- - •

x ix
"T >

Z Z _J< LU *
aC _J *
(33 111 —

.

I > in
ac. <i •

2 I< a - >
oc z — —
H- < - X IO ot- -J
uj i no *
a. cl zz *
co — m -»

•> ui_) in
QL -<• >LU
< I UJO +
_J >Q3< >
3 »-•- 3 ~-
o *x •»- ««•

LU - O- •• *
_l o —- —
O — t-S-5 • ~i
s: ^* r>-a

+ »ZQ-Z •-«

U -QOZ <>< CD +— o •XLL.UJ _j
2: -40o«-* o- t-o>o o—
O •*—»-+ I— II Z <l— i-t t—

>

h-CQQO —I ><f)3! I OO >
< MOO- ^- _J- - «-<"3 II II OOO
•-•«_>— II II >-JX II - II II ~«VJ II II II .

a >s:.j >t— »—i— i—-3«-it/)coo—io

£^<ZlTiX<lXXCtMf-(i-i(HCi(-l-HI-Qt|-Xaah-l-l-l-HXXI-l->-XMM»-n-tX|-H»-HQ
LUuJujMUUujajiiiua^aauuJUjaJUJUujujuULUUJUJuiiiujuJUjaj 1iujaiLLa:uj<i<i<i-q^:
<xa cca u. u_ <xzzu. a. a-o- a. ll_i_i_i_iu i2:a.njjjjJZZJ-iq.zq-q.q.q.z(-jcjlji_)uj

90



<jm inmin in in in in in ir\ in in in in in inm ir\ in in in in inm in
Zf" r*- p~ r»p» p»r»p»p-p»r- r— r*- !*!* p- (*• p-r- p» p- p»p»p» p»
uj eg eg egegegegcmeg egeg egeg eg c\jeg egeg egegeg egegegegeg
_j enmm rnm rnco ro rnm rnmmm«n rnmmm romm comm
UJ I • I I • • • I • I M I I I 1 I I • • • • • I •>egeg egegrgegrg egeg pgpg egpg egeg egeg egeg cm eg rgeg eg eg

X
I-
o p- p-p* p-p- r- p- p- p-p- p-p-p- p-p- p- p-p~ p- p- p~ p- p- p-p-

-J -4- -* «4- >f -4"^ >*• >f «t >*• <t- <t* >r^ >* <r -t -g* -* -t -4- -4- <j- -r
UJ • I • M • I • • I I I I • t I I • I • • I • I I>eg egegegeg eg egeg eg eg eg eg eg eg eg egeg eg eg eg egeg eg eg cm

2

•cocoaocoaocccocoaococoooco coco coco coco coco coco coco q00% CT>0»CJ>C^CJ*0»CJ^O^CJ»CJ*C7tO»<J^CJ>Ox CJ*CJ»O^CJ*Ox O>CJ>CJ>Ox
i i

^ X
• o

< CO 00 CO 00 00 CO 00 GOOD 00 00 CO 00 00 CX3 COCO CO CO 00 00 CO 00 00 CO —}
* z

<
X
E-
Z
<

— o
a: u,

u. CO
o o^<Mm>a-ingor-cocj\0'-<cMm^ ^

0»-«egcnNtmg3P-cocj>i-<i-«t-<^^-»»-<^-i»^^-«i-<egegegegeg o

CO
Z

o in in in in inin in in in in inin inin in in in in inin inin in in in
2: p-r- p- p-p»p- p-r-r- r» p-p»r-p- p- p- p-r- p»p- r-p- r- p- p»
uj egeg egeg cm rg egeg egeg egegeg egeg cm eg eg cmcm cmcmcmcm cm

_j rnrn ro enm ro ro ro enm ro.ro rom en rom en rn ro rn ro en ro ro
uj »••••*••*•••• •*«•«•••*•••
>egeg egegegeg egeg egeg egeg egeg eg egeg eg egeg egegeg egeg

3

Z
<
ois

CQ

Q
Z
<

• CO CO 00 CO CO CO CO CO CO CO 00 CO CO 00 00 CO 00 CO 00 CO CO 00 CO CO CO p_
OC7NGN 0>0>CJ*0> 0>0*G>C^O> C^Cj><7»<7*0^0^0>Cj>O^O^CT'<J*C>C^

UJ.^r-l.^rH.^-H.---*.-^^^.-*.-^^^—|^_.-4^—I-4.-4 Q
<icocococoooa3cococoaococococoaocococococococoaocooo

t CJ^ 0> CJ» Q> 0> 0> O^ Q> C7> Q> Q> CJ1 <J» CJ» 0> Q> 0*> O^O>JN pCJs CT'C7'C7yTi

O'OO.O'O^kjo^ovO'O^o^oo^oo^oo^o^-o vo gj »o -o ~£^~-.

zmm enmmmm enmm rn enmmmm enm com enmmm rn_,
• •••••••••• •••••••••••t«fx

ujmminminmmmmmmmminm inmmmmmm inminQ
>ooooooooooooooooooooooeoo
<I CO CO 00 CO CO CO OD 00 00 CO ao CO co co oo ao co ao co ao oo co as ao co^r

^ s

X
Z
<

ac o

O O—oegm^mgjp-ooo^O'-^egm^co
0^eg(n^mor^<oo>'H»-«^^'-4<--)'-4>-4>^'-4njegegegeg^

:

"S O
i—

i

i—

i

CO
z

X <
t- cs:

OP»P»P-P-p-P-p-.p-p-P-P-p-p-p-p-P»p-P-P-P-P-P»-P-P-P-t_.

-j^ >*^ >t >* -!• s^ s* s»c•* <t <f^ •* «t >t >t- >* >*; >*• •* •* gjc >*^a^•••••••••••••••••t««»*i« %-z.>eg eg egeg egegegeg egeg cm eg cm c\j egeg egeg egcm rg eg eg eg eg<£

3 CQ
i

as

a
z
<

• C^C^Cjn^cj^C^CJ^U^O^O^C^Ci^CT^O^C^CJ^^CJ^CP
,

r~)vfi>i3g3Nog3g3g3g3\Qg3NQg3vQg3gDg3vQvOvO'OsOg3>OvQ\Dr',
Zrnrnrnrornrnrnrnrnrnrnrnrornrornrnroromrnrnrnroro

itimmmmmmmmmmmmmmmmmmmmmmmmm>OOOOOOOOOOOOOOOOOOOOOOOCOo
<<oocuoocococococococoa3aoujaocococoujcoco<-UGocoaoQOt—

,

II

>
eg

ii

>

"J

a.

O OrHegcn«Tin»op-coo,>o^tnjm>fin
•-•egrn >l*m >op*- oo o»^«^»-<«^ t^*-***^i^^^^egeg egeg egeg

LLO o»-*egrn>rmgj)p-coo,>0'-'PJ<o>J" in
•-i egrn xfm ga p- oo t> —*—*^—i •-••-' •-'«"• »-<•-<^ nj eg eg eg eg

91



Oststststststststststststststststststststststststst
ZfO<^mnfnm<^(^rO(^rOrororOfOrnrororororO(nrnfOrOUiOOOOOOOOOOCOOCOOOQCOOCOOO
_j ininmin inin in in inin inin in in in in in in in in inin in in in^••••••••••••••i«****»«t>.
>eg eg egegrgeg egegeg egeg egrgeg egegeg eg egeg egegeg e>jeg

o in in in in in in in in in in in in in in in in it* in in in tn in in in ir\

2^r-r-r-r-r-r-i^r-r-r-r-r*r-r-r-r-r-r-r-r^(-r-(-r-
lu co oo ao oo co oo oo oo go qo ao oo oo ao oo co ao co co oo ao as ao oo ao
jininininininininininininininininintnininininminm
LUt*. ••........«. ..........
> egegeg cmegegegegej (\4 eg eg c\j rg rg eg eg rg egpg eg eg rg r\i eg

trornfoe^mrnc^roforofornf^rnc^rnmrnrnenenrnmroro
Ocooococococoooaoooooooooooaocooocoaocooooooooococouj
2p-p- p- I*- p* p*-p» r» p» p- p-p» r»r» p- p»r- p- p» I

s- r*»p» p-p-p»q
UJOOOi, 0>00*OC7>C7vO,> 0^0> <7> % CT^CsOn O>CTv OCJ»CJ»(J»
>o*cj>on ct> o*o0*oono*<jno,, o»cx»cr»o> o>cj*<3'io0*ocj*
< p»p» fs.p.p»p. r-p-p»p* p»p-p»r-h»p- l"»p- p» I

s- p-p- r*-

o>cm><
ocr»o
p-p-

s2
<
E-i

2- <

cC CC
o

U. U-.

O o«-«<Mfr»stinsOP-aoo©^pgrosr
O*^ egm >4"tn >o r- coa* »-<^^«-*^^•-•-•^"-* eg egeg eg eg co

-5 2O

CO

£ 1'
<-3 >4- «fr «4" st >^"st st^ >4* >t «* -4- -4" >4- st >t st >1- st n4- -t st >4" st **• OS
2rnroro<^roenrO(rje^(r)(r^<<>fnroenrni^(^rn(tirnror^roen f->tllOOOOOOOOQOOOOOOOQOOOOCOOO
.jininmininmmmminininmminmmminin'nini'MniOE
4J I I Ill « • • • I «U
^eg egegegcgeg egeg egegegegegegeg eg eg egegeg egeg rgegeg 2:
< ,_—,—„—***-j

cq
t

OS

Q
2
<

•cnrnrncn^rn^mrnrnoTrnt^rnrornencn^cnrorne^rnrn
O oo co co ao co co oo ao oo ao co ao co co oo oo co coco oo oo ao oo co co •

2p-p- r~ p-p- p»p- p» p- p>- f*- p- r*- p*»p» r»p» p- p~p- p» r*r*p-p-d

<p-p-p-p-p-f-p-p»r»-p-p-p-p»r-p-p»p-p-r^p»p-p-P-p-P»o

II

>

o st -r sj- <t >* >i- sr si- sj- <r sr sf sj- «r nT sj- <r sj- sr si- sr sr sr sr ^r
2 «»• sr >r sr sr^ sr sf vj- sr ^" sj-^ sj- sf «r >i- nt sr sp sj- vr -r sr >r

ujsi-si-^r-J-^^si-stsfvt^^^srsj-vj-^^-vi-vt^pvt^-^st- a
<p-p-p-p»-p-p-p-p-p-p-p-p-p-p»p-p-p-p-p~p-p-r-r^p»p- x
3 O

2
<

— H
-5 2w <
c* -J

U. OS
O ©.-•pgmsttfv.op-aoc>0*-*eg<,

'0st o
O^f^fOsfinvOP-ooO>«-«»-4»-«^»^^^^"-'^-icgrgegpgeg U*

CO
2
O
1—4

E-
X '-'

h- 00
2
<
OS

Ommmininminm'nininmmmminmmmmmmmmm
2 p»p»p» p-p- p-r— p- p» p— p- p-r- p-p— p- p* p-p- p- p- r* »*• p- p—
LUGOaooooocooooooocococoaoooaocooococooooococoaooo^O
jininininininLnininminininminmmmmmmmininm
LU •••••• ................ t . •

> egegejegeg egegrg eg rj eg egeg egeg eg eg eg egeu eg pvj eg nj eg

0^-sfsfsj-srsrstNj-sfsf<p>r>rsfsrsfsr>t-tsi-sfvrsfsr^-
Z >r >t sr >r <f »t sp «r sr «t »r srsr >r sr <r sr sj- sj- sr sj- sr >r sr sr

UJ sf *t sf sp <p >t st ^" sf vt sf *t sf^ sf sp sr -1" sf sT sf sp sT >t sf

<t p» js»r-p» r*. f*. (>. (>. p-^»(— f*. p.. (n. |«.(»-r* r*- p-r^ p-p»p» p- p-

Xu
2

CQ
i

CC
a
2
<

O

II

>

O O •-• njm sr in vop-aoo>o ,~, njni spin
<-* eg (r\ <pm *o p- ooo •-•rH •"•"'"^—* •~' ,~• •"* —*W^^^^^

LL
O O^rgm srm so p-co &Or-*eg cmstitv

^^eg ro sr in <0 P- goo •-» ^h •-< ^-t •-* ^-« »-^ ^h^^ ^-»eg ej eg eg eg eg

-J

92



Z goco oo oo oo co aj co to oo co cu oo ay oo co ou cu co uo cu cu cu ao go

>(MCM CM CMCMCM CM CM (\JCM CM (NJ CM <\J (NJCM C\JCM CMCM <\J CMCMCMCM

O <\j cnj cm (\j cm cvj cm (\j rvj cm cm cvi cmcm cm cm eg cm c\jcm cm cm cm cmcm
Z •*" f*-r^ t*»f~ r*» r«- t*« r*» r*- r» !* i* r*-1* r— r*r~ •

**
r--p~ h-c~ t*- •"•

uj >» »r «^ >r »r >r >r >4-^ «r -r >r >r -r «r >r >r >r »r >r vj- vj- ^r >r >r
_jr* ^. i^. r^^f» r>-r- r- r*- r>- r^ r- r^r* r» r- r>- f— r»- r^ r» f*- f-r~uj**«(*<««. •*...*•. .t.«....
> CMCM CM CM CNJ CM CNJ CM CM CM CM CM CM CMCM CVJ CNJ CM CM CM CM CM CM CSJ CM

o >*• >* >r «r «* >* -4- >! -a- -4- >r >r -t «4- «* >r >*• -4- -4* >t «* -4->f «t <ruiz co com ro coen co co enco en co co co en co eoco co co en en eo coeno

UJCJ^ON(T>C^C><>(7>Ox <7> f>C>ON(3»\>(J*ONC7NC>C>ON(>0><>
> 00 co co co co 33 co QO ao co co co co co co oo ao ao co co oo co as
< r»- r«- r«- r-r«- r» r- r-r- r»- I

s- r-r- r»-r»r-r-
COCOO

"s

2
<

2

o
a. u-

O 0«-"CMCO>^inNOr*-000>0»-<CMCO^
©.-km co «4-tr»Nor-coo***+*-*—**-***<-*—i .-it-*cm cmcmcmcm^o

-5 2
O

•r» f- r*»r»f"r—r—r» c- r— h»r- r—t— f- r*»r» r— r»r— r*- r— r*« r«- r>-

O oo co oo oo ao oo oo co co oo oo co co co oo co oq co oo co co oo aoaoao pq
ZL<t<t* <t >t **** *t ** °*'f**'* •*•**• ** ^^t**'*'****'-**- a»••»•••••••»•••••••#•#••§ —

> GO GO CO CO CO 00 CO CO CO CO CO CO GO CO CO CO CO CO 00 CO 00 CO CO CO CO Q
< r» r—r-f— I

s- r*-r- r»f- r*- 1*" r»- r- r>- r«- r- r— (*- r«- r>« r- r«-r* r«- r«-

H

-> -J

ct CtS

O
u_ tu
O o«-»cMco>l"ir»«oh«coo,«0'-<CMco>i-

O»-«McnN*'m»0r*-C00^»-<»-*'-*^'-^«^^«-^»-*«-*CMCMCMCMCM C/)

-3 2
o

C/3

2
p* r*r- r-r-f^ r— r*- r- r- r- r*r- r>- 1*- r* r- r«- r- r- I

s-^r*r—r-<x
co co go co oo co ao co co co co ao ao co co oo co ao co co co co co oo ccE—i

,OvQs0^sQvQ s0'O-0'O~-Q^0 s vQ sQ NCl-Q'O vO*^ v x sQ ^O^CCZ
»• r •• t ••••••••• V «U

CMCMCM CMCMCMCM CMCMCMCM CMCM CMCMCM CMCMCM CMCM CMCM CMCM2^——m.^*^
t

c£

Q
2
<

•>0 ^O <JO nQ vO^ *0^ <J >© >0O ^OO *Q nO >0 «<3 *0 <3 >0 ^O ^OO

Zm co co co co ro co co co co co coco co co co co co co en co co co co cocx,

LU (Jno c*o cj» o> o>o cj* <7« on o* <y> o* <?> <js cj» on cj» on cj*o cj> c^ cj*^-

^oococococooocoaooooocooococococooococooocococoooGO

O CM CMCM CMCMCMCM CMCM CMCM CM CM CMCM CMCM CM CM CM CM CM CM CM CM

lu <r «j- >r >r >r ^r^ >r •>»• -r >* -4" >r^ >r «r >r >r *r «r >* >r «r -4- <r

_i ^, f«^ r» r*i f*« f^ r* r^ r*»»* r*r^ r- 1*-f- h- r* *»^H hi f>- f*» f*i r*
'JJ • I I I 9 I • < • I I I • l

> CM CMCM CMCMCMCMCMCMCM CMCM CMCMCM CMCM CM CMCM CM CM CM CM CM

c/5

2
<
OS

X
u
2
<
OS
pa

O GO CO CO CO CO CO CO CO CO 00 CO 00 GO 00 CO CO CO CO CO CO CO CO CO CO CO >

^ajcouuaoouuucouuoooooocococococoujcouucocoujcococo

o
ii

>
ii

>

-5

0.

O 0«-,fMc«i>rirN>0'*~cooNOi-4CMC'i'i'ui

»-^CM en >t UO »0 I
s- GO On c-4t-« »-»»-« t-ti-»^»»-» m-t fH CMCM CM CMCMCM

O O"—'cm en «rir^>or-cocyo •-• cm en *rvr>

-H CMCO >t LO vO h- COO «^ »-• •-< —* «-l-^ •-• «-H •-*^CM CM CM CM CM CM

93



Z CM (\JCMcmcm cm CMCM eg c\jeg egeg egcm eg <\jeg egeg f\Jegeg <\i cm
lu cm cmcm eg eg cm cm cm egegeg egeg eg eg cmegcm cmcm egegcm cmeg
_J CO CO CO CO CO CO COCO CO 00 CO 00 CO 00 CO CO 00 CO CO CO 00 00 CO 00 00^•••••••••••••••••••••••t«
^eg cmcmegcm cmcm cm cm cmeg egeg eg egcmegegcm cm egcm cm cmeg

p»p-^ p» p» p»p- r» p- p- r» p» p» r^- p. p- p»

C7s O>C^O> O^C7»(^CJ^(^C^O>(7^C7HO>Gr>Cr*0> C7N C7x O^C7*C7«(7»C7, >

aocococoaocoaoooooaococooooococooocococoaoaococoao
ijj • •••••••••••••• i.i
>eg egegeg eg egegeg eg cm egegeg eg eg eg eg eg rg rg eg fM cm eg cm

2

•co ro en en com en en enm en onmen en enenen en en coen enen coO GO 00CO CO 00 CO 00 CO GO CO 00 CO 00 00 CO GO GO 00 GO GO 00 CO CO GO 00Z CO GO CO 00 GO 00 CO 00 CO CO 00 CO CO GO CO CO 00 00 CO 00 CO 00 CO 00 CO

UJ0^CJ><^O> C>e>0^O^<>O> <>C7»0> 0^0^C*^C>(>CJ*0^fJ»<>ONO*
> p» p»p- p»P» p» r»r»p- r*- p- P- P» p- p- I*-P-r-p* I

s-p- r»p» P» p-

u.
O Oi-"CMen«4"m>o^coONO«-»CMen>l'
0^egco>4,in>or»coQ>.-*»-«~<i-*»-<»-*^i-«.-*.^egegegegeg

& <r ** >4" -4" ^" -4- >* <f >* >* <i" «4- >4" -4- -4"^ <J- >* -4" <4- <* <4"* *r >T
Zcmcmegcm cmcm cmeg egcm cm eg egeg eg cvj cmcm eg eg cmcmeg eg eg
lu egegegeg egeg egeg egeg cmegegeg eg egeg cm eg eg egeg cmcm eg
_jcaoocoooGooococoaooaoocococQcoaoooooaOGOcocooocOGO
LU «..•« ( ..,.,,,• . • •••••••••
>egegeg cm cmcm cmcm cmcmcmegegcm cmcmcmeg egegegeg egcm eg

•en en en en encom en en en en en en enoien en en en enenmen en en
OcococooococoGooooooococooocoooaooococococococococo
Z coco co oo co co oo ao co oo co oo co oo oo co oo oo co co co co oo co co

LU CJ* QN s CJi fj» C7* 0> <3> CJ» C7* C7* C7»OO* C7* <7* CJ* C7» O"* 0> C7» C^ CT» 0> O^

^. r—r»p-p- p-p-p-p- p-r* r-p- p-p-r»p- r- r

•encncnenmenenenenenenenenenenenenenenrnmmenmen

q z in in inin inin in in in in in in in in in in in in in in in in in in in
t—

I

•••••••••••••••••••••••••
X wminininininininininininininininininininininininin
O >p-p-p-p-p-p-p»p-p-p-p-p-p-p-p-<»-p-p-p»p-p-p-p-p-p-

< p»p- (»" r-p- p-p-p- p- I
s-r»p-p- p-» r»- p-p-p-h» p-p- p- p- p-

3
Z
<
E-Z
<
-;

oc
o
U-,

C/)

Z
o
I—

I

H
CO
z

PO

a
z
<

i

a.

vO

O

II

>

a
l-H

X
o

u.
O Oi-tegco^invOr—aooO^pgen^-
O~*cm en -4* in >o e- co o* »-»^»m»h—t—*^ ^-th—*cm cm cm cm cm

or-r-r-h-i^NNf-r-NNNp.r^i^h'Nr-NNr-h-NNr^
Z -4- -I"^ -4- -4- <4- •* «1- vf >4" >t <f ^- -4- <1- <f -^ vT <f st <f vf vf ^- ^-

UJC^CT»CT*O> O> 0^CT, C>(T«O^CT^O> O> C7> C>0^CTx <T> <7*ChO> ON C^C^C7>

jao QO co co oooo co co oo oo cp co co oo oo oo ao oo co ao oo ao co ao co_U*«I««I*. Ill .•'••'*• III!..
>cmcmcm egegcm egcm cmeg im cmcm egegeg eg eg rvj cm cm cm cm cm cm

• cnmcncncncncnmmencnoicncocticocncncncncnrnencncn

Z ir» irt in intn inm in in in in in in in in in in inm lo in in ir\mm
lu in in in inin inin in in in in in in in in in in ininminmmmm
> («• r«»r— p-r* r*- 1—r» r— r»r* (*-r- r» r- r*» r- r*» r*- e-r» (*• r- r*- r»
^ r^ p*p- r*»r*- r*- e-r- r*- r» e- r*- r*» e-e- r^ r^ e»r^ r»e*~ r* p*- r*»e»

<
X
HZ
<

o
PL.

C/)

Z
o
»—

I

t—

i

CO
Z
<

u
z
<
K
CQ

i

ce:

Q
Z
<

i

a.

O

=o

II

>

-3

a.

O 0^cMen-rm>op-cooNO^^cMni.j-m
r-* egen >4-m so p- co cy «-• •-• »—•—«i—«»—4 k-i»—• »-^•-• egcm cm cm cm cm

O o^^ fMen*rmvOP-coo>o^, CMm<ru>
r-t egf l »rm vj r— co (7s «-• »-•!-••-• »h .-< !-!•-» ^-i»^ cm cm cm cm cm cm

94



cp r«-f"f- r«» I
s-f- f*»f*» f- p» r*-r* r*- r*« r»»r» r—r- r»-r» r» r^ r*»r» r*-

zm en en enenm rnmmcom enm enm en enm rn enm en enenm

JJ.«. ..•...«.....*... ......
> c\j04cm cmcm cvj cm cmcmcmcm cmcm cm cmeg cmcm cm <\jcmcmcmcm04

3

CJ CMCM CMCM CM CM CMCM CM CMCMCM CM CMCM CM CM CM CM CM CM CM CM CM CM
^u>^u> c/> <j> u^cJ»u>U'U^u'(j>c^cj^cj»coLr> u''Cf> LnLr>cf>Lr»Lr'Cj>

UJ CMCM CM CM CMCM CM CM CMCM CM CM CMCM CM CM CM CM CM CM CM CM CM CM CMjooooqooooocoooooooooooooo
>cnenmmcnmencncnmmenmcncnmmcncncnmrnmcnm

q 00 co co eo co co ex) 00 00 oo 00 c» 00 00 a>co 00 co co 00 co ao ao co 00mZen en en en en en en enen enen en en en enen en en en enen en enen enq
UJ.

r- 1*-r— r-r- f-r» r» r- r*-r» i»-
• r>- t—r- r«-r~ r«- r«-r- r- r-r—r—

v

x

a.
o
0-^<Mro v**m >or-coo^»

O •-•<m ro %t tf\ »o^ co o*o-< cmm >t
« CM CM CM CM CM

2
=)
Z
<
E-
2
<

OS
o

co
Z
O

• cocoaocococoaacoaocococOGoaoaoaococococococoGOcooo —ooocoooooooooocooooooooooo ,

Zinininininintnininininininininmtnmmmmminmin ^
• •••••••••••••••••••••••• x

Lur*-r*-r^h-r^h-r«-f-f^-f*-r-f*-f^-r-r»-r*-r»-^-r«"r<-r^f>-r^f*-r~ ^

Z
<
X
HZ
<
-J

OS
o

a.
o
0-<cMro>tmvOP*oocr«

O i-icm en >rm no r» 00 cj>o —* cm en >r
-4**—*-*-! p-I «-•«HCM CM CM CM CM

CO

CO
2

or-r r-r— r»r- 1*- r- r«- r— r- r«- r«- r>» 1*- f* r- f*- r—r-

,

Z men ro enmmmenenm en ro en en enm en comm enm en enm r*
LU vO<O yO»0'0'O vO NO vC3^0'>O vO*O vO^^O vOO»0 ,0'^3»0 NO vO >

lu .................... o ... .n
>CMCM<MCM«MCMCMCMCMCM«MCMCMCMCMCMCMCMCMCMCMCMCMCMCM^< , „*_*« ,— „

g
«

1

OS

Q
Z

• >U«<j^O'>UO vU ,O vU>0'>0 ,0«0>O sU><J>(J >U ,O vO^U vO^O'4J vU yU *^

O 00 co co 00 co co co 00 co co 00 co 00 00 coco 00 00 00 co co co 00 00 co
,Zm enen en enm en enmm en enm en enmm en enmen en en enm ^

>S^^rtSf^r^^^r^SSr^r^S^Jir^Sr^ °°

3 H
en

11

>

O CM CM CM CM CM CM CMCM CM CMCM CM CM CM CM CM CM CM CM CM CM CM CM CM CM
ZC^CJsC7*C><7>CJ»(J*CJ>C^CT*C^e><>C^<3N <>ON <3% N ej<CJN CJ*(7> <7N CJ»

UJ CM t\J CM CM CM CM CM CM CM CM CM <MCM CMCM CM CM CM CM CM CM CM CM CM CM
-JOOOOOOOOOOOOOCOOOOOOOOOOO
LU..«. ••*.••...•... •».••*•«
;>mmcncncncnmcncncncncncncncncncncncnmmcncnmcn

co
z

z
<
=0

a
z
<

•cscococoaococococooocococococococococococooucococo
OOOOOOOOOOOOOOOOOOOOOOOOOO ;^

* in inm in la ir\m in in ir*m in un in ir> in irimm inmm in u*\ in

enm j^. f» r^r- r«- r*-r- (*r- r»- r— r»- r*> r*» r*- r- c*- r«» f- r— r*- r^ r*- I
s- r-

II

>
-9

a.

O 0»-«cMcn<T'in>or»cocj>o ,-»cMm>rm
-^cmen >j- in vO r>- 00 ej> i-» ^-t •-• »-« i-« •-• <-•^ •-•^ cmcm cm cm cm cm

-5

O O *-• cm en >r in >o r» co cno-^ cm en>rm
c-* cm en «4- in so r*-co ej> -H —4 r-( ^H^ ,-<^H ^H i-l^ CM cm cm CMcm CM

95



x
*
*

CC
o «»

u_ »
*^

to -5

Z <M»

o ct
HH
1- LL
1-4 O
to
z -J
< w
CC •>

H- m
X

X 1-
u <o
z z
< LU
£X -J
(13 LU
1 >
CC <

3
Q *
Z •»•

< - X
•t—

1 oo
Q. zz
« • LU
•>U_IUJ_J
»-<Q>LU

i !-«<:>>X3<
O- 2

<
cC
\-

LU
a.
to

<X
<
—i

O *• •—
liJ - X- •
_j 00-~-
O — 1— •—•—5 •

x ~+ X^O
+ »>CLZ

O -QUZ <>Q CO U+ UC3— O •» •OlLIU _J
3: t^oo^« o- coo>o o>- oo
O **-H- + - II < <l--4 I—> H-t-
KCQUO -J >OC~»JC I OO +•

< • ^OO"- *H- Q-- - i-#~J II II OOO 0—<
»-i<U'-'ll II >• -IX II - II II -HtVJ II H l| _| II ||

Q >X_J >l—H-»—*--5>-icOcoO_lO J£
C3CJ OKI- ZZZZ H-

X<KX at u£ <ixx oc i-i i-tf+—> ex »—I— h-1— tx »—X a. CC
LU atUJ t-tOO "J LU LU l_| CC CC CC CC t_J UJ LU LU LU CJ LU LUU 1-1

cc a: cc cjll.ulcczzll.q_q.cl. a. U

—

i_j_j_ill._jzi-l.li-

*
X
#
*
~-i

«
_i
-*

*
_»•

in
t

i

>
*^» •**

—

1

I

* X
# #
—» *
in X— rg
• *»-l CO
I * 1

>».

> -•-J o
«—

•

(Nws: o
I + ** o
_i •-•X* o
* —»• — f-l

# *•*-» •»

«—

»

X-5 + <V4

in H--X-I-* CO
• *_i— •»

+ ->*-»• •—

•

> -^*x •»

CO
O >~

+ O
-« O
CO o
II o
—J —

I

cOO ••

+ -»
(MCO
CO •>

H "J
J N '

cOI- hH-H
, |—I— XXI—I— •—iXl-•»—!•—!•—

•

LU LU LULU LU UJ LU CU LU (X UJ CC. CX CC CC
jjjjJZZJJazaao.0.

O
-o

•o
—< c

I o
•> e

0»0
• -
COO
—» •

in coo
CM •» •»MOO
o •> • •

>Hrnoo
H-<!<<-<
X|—H-|-|— <_)

_J<1 •«_<«-._;
ZUUUUUJ

96



X
t-
o <^ -4" sj- «4-»r «* >r >r >* >r >t -4- >r >4* >r >r >4* <r >t- <f »r •>»• -4- >r -j-

lu -4" »** "4* -^"T «r >r <r 4" »r >r >r *4* «4* >r >r •4' >r >r >r -4" «4" -r >r 4*
_j cmcm cmcmcm cm cmcm cm cm cm cmcmcm cm cm cm cm cmcm cm cm c\j cm c\j^••••••••••••••••••••••• (

>CM CM CMCMCMCMCMCMCMCM CMCM CM CMCM CMCM CMCMCM CM CMCM CMCM

2

X
I-
oinininininininir\ininininininininir*ininir\ininininin
2 co ro en ro en en enm en en en enm en en enm enm en enm en en en
UJ 00 CO 00 00 00 CD 00 00 00 CO 00 CO CO CO 00 00 CO CO 00 CO CO CO 00 00 CO
_l CM CM CM CM CM CM CMCM CM CM CM CMCM CM CM CM CM CM CM CM CM CM CM CM CM
U ........................ .

;> CM CM CM CM CM CMCM<M CMCM CM CM CM CM CM CM CMCM CM CM CM CMCM CM CM

2

Z in in in inin in inininm in in in inin inin in in in in in in in in

Ujs£>OvOvO«0«£vO,£vOvOvO>Ov£>QvOvQ'>O sO«00>OvO'OvO'>0

^COCOCOCOCOOOCOOOCOOOCOOOCOOOOOCOCOCOCOOOOOOOCOOOOO

Q

o

Q
o
w
co

Oh

—
Q
I—

I

X
o

UJ 4- »4- 4" 4" 4" 4- 4" 4" *4" 4" 4" 4" 4" 4" 4" 4" 4" -4- 4" 4" 4" 4" 4" 4- 4" *J

<t CO 00 CO 00 00 CO 00 00 CO 00 CO CO CO CO 00 CO 00 CO CO 00 CO CO 00 CO CO *"-

a
o
UJ
CO

UL
o o-HCMcn^m^or-oocjAo^cMen^
O »-* cm en <4"m >o r- co c> —*-*~* »-*—* «-• «-•^ ft•-» cm cmcmcmcm

Pi
o

CO

O O o»-«Men>4-ms3f,~00CT1O^CMen^ ^O^CMCn4, inyOf»»000*.--)i-4^-).-l»-«^-J.-4»-**-l.-ICMCMCMCMeM ~

CO
2
3

CO
2

O <4" -4" 4" «t 4" 4- >!• 4" 4" >t 4" -4" 4- 4" >f 4- -4- 4" 4" 4" <f 4" 4" 4" 4"

2r»r«|>»Nl*-r-NNMs'M>»f,.r-r-ls-r-Nr«.N(*'r«'ls-r-r^
uj >4- «4- >r -4" -4- 4- >r «4* "4* 4* -4" >r 4* >r >r -4* >r 4* «r <r -4" >r >r ^t- -4*

_jcm cmcmcmcm cm cmcm cmcm cm cm cmcmcmcm CMcm cmcm cmcmcm cm cm

]> CMCMCMCMCMCMCMCMCMCM CMCM CMCMCMCMCMCMCMCM CMCMCM CMCM

u2

CQ
i

PC

Q
2
<

o inmm in in inm in in in in inmmm inmmmm in inm in in =""

Zencnenenenenenencnenencnmenenenenenmenenenenenen _
uj co co co oo oo co oo oo oo ao co co co ao co oo oo oo ao co co co CO oo oo 3-

_J CM CMCM CM CM CM CMCMCMCM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM ^
OJ • t -,

>CMCMCMCMCMCMCMCMCMCMCMCMIMCMCMCMCMCNJCMCMIMCMCM(MCM JJ

t 3

Q
2
<

2mmintnmininininmmmmmmminmminminminin

UJvO>O^OvO vO ,0*0'>O vO >O vO >O^O vO sO vO'^ vO N0'0 ,^ sO ,J3 vO v^ /—

.

«40ococococococoaocDoococoooaoaococDoocucocuaocoaoao

uj -r >r 4* >r 4* vf ^f 4" 4" >r 4* 4" 4- >r «r 4- >r -r ^r 4- -^ 4- >J" vr n?

«^ co co cu ao oo co co oo ou ao ou co ao co co co co co cu oo co co co co cu p*"

^ *
II

>
n

>

"5

a.

O ,-, cMci>rin\yr*oocj>o«-'CMen>rir\
-4 cm en *4 in >oh" ao a* •—i --^ »-i ^-*•—i»h <-• ^-i •-•»h cmcm cmcm cmcm

a O ,^<Mcn«TinN0i^'000AO'^ (NJcn>j*«'*

^^ cmen 4*m >o f"- <o s i^^^ —**-* <—' .-^ <-< ^h—•
•—

' cm cm r\J cm cm cm
-5

97



o oo oo oo oo oo oo oo co co oo oo oo oo co oo oo oo qo oo co go oooo oo ooZ C?» <T> C7> CJ> 0> O* O"1 CT> 0> U> g\ <J* g> QN s C7» rj> CJ> <T» C7» (T C7> CT> <J> CJ»

_) coen CO CO.m co CO co coco ro roco coco co co ro ro ro ro ro ro ro ro^••••••••••••••••••••t«« s *
>cmcm cmcmcm cmcm cmcm cm cm cmcmcm cmcm cmcm cm cm cm cmcm cmcm

o^ -r >* -r 4- -4- >!• -r >r >r xt -r >4- -r ^i" -r ^- >r -r ^r -r vf >r -r <r

ui in in inin inin in in in in in in in in in in in in in inm inmm in
—J co ro roro ro ro ro ro ro rn ro ro en ro ro ro ro rom ro ro ro ro ro roLU»>t*l.*«.......>... ......
>CM CM CM CM CM CMCMCM CM CMCM CM CMCM CM CM C\J CM CM CM CM (N CM CM <M

w
Q
i—

i

tO*CJ»0*C>CJ*CJ»O*CJ%<JNCJ*O>CJ*CJ»U*C><J*CJ*CJ»C^CJ»CJ*O>0>*C7>CJ» X
Z'£i^O<3'0 , %O vO'i)^O^O vOOO vO^ > <0>0<i'00'*JvO^O>0

OJ .^ ,-*,_, ,_| ^J ,_, ,-hj^ ,-H ,_(,_*^ ._( ,-1 ._< ,-4 .-l.-i,-*,^.-,,-!,-!^.^ 13

^ 00 CS 00 CO GO CO CO CO 00 CO 00 CO CO CO 00 CO CO CO CO CO CO CO CO CO 00 ^-
3 >-

Q
o
UJ
en

O 0«-«CMco-4-in»Or*-coa>0»-«fMco>4-
O^<MC0>J'in>0r,-C0<7>^»-<»-»^^^^f-«»H^CMCMCMCMCM

-J

s

OS
O
u.

en

O
i—i

E-
i—

i

-CO
2

O CO CO CO CO 00 00 CO CO 00 CO CO 00 CO CO CO GO CO CO CO CO 00 CO 00 CO CO E
-1

20n n CJ»C^0> CJ»CT*CJ< C^0^C7>C^CT>CJ»C>0>CJ>CJ^C7s > C7*CT>CnCT> 0*

.JcocncOcOcOcoc^rocOcocorororororococoeirtrororQcflroro U
^••••••••••••••••••••••••* 2
>CMCMCMCM<MCM<MCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM <J< , , „—«— , £

pi

Q
Z
<

00> C7s CJ^C7> > C7>(Js O*CJ»O^CJ»0>aNC7><7^<J>CJ<O^CJ>C^CJ>C^(J^OA CJ* Oh

Z-0-0>O vO'ONO >O vOg3>0>O vO vOvO»0 >0^0>0>O vO^O ,0'0«0 ,

• •••••••••••••••••••••••a rsJ

<t GO CD CO COTO CO CO CO GO CO CO COCO CO CO CO CO CO CO CO CO CO CO CO CO b-1

3

• CJ*CT*C^CJ*0>CJ»C7s CJ»CJ^O^Q>CJ'CJn C^C^O> CJ»O^C7»0> >, O^C7nCJ»C7n

00> c7*0^0> onc7>o^cj>0> c^(j> cj»cj>o^o^c7n c7, cj4 c7'c^o^c7, c7*0^(7>

ZCM CM CMCM CMCM CM CM CM CM CMCM CMCM CMCM CM CM CM CMCM CM CM CM CM

Uj<>ONO^C>O^<>0^<><>C7*CI>C7>(>0> N (>0^0^Os <><>C7*9^Os C7N>ooooooooooooooooooooooooo
<^(^COCOC0COCOC0COCOC0COC0C0COCOaO^0COCOCOC0COCOC0C0

Oh —
—

>

a:

LL
O o •-< cm co~.fr in gjr-aooo ^rsiro-J-

O,-KM CO 'frm -O h- CO C7* •-•"<^H f-t «"* .-«—H i-l _i—I CM CM CM CM CM

O -fr" 4- 4" 4- 4- -4" 4" >1" «* -4" 4- -4" 4- 4" 4" 4* 4" -4 4" -4- 4" 4" 4- 4- 4"

Z ,0>0 ,0»0 ,OnOvO'<0 ,h3*0-0«0>0»0'>OvOvO>0^0-0>©>0 ,0-0
lu in in inin in in in in in tn in in in in in inmmmm in in inmm
jrocOcOcOcorOrorflrorOrOrororOrororocOrOrorororororo
lli #•••.••••.••••.••. ••••••
>cm cmcmcm cmcm cm cm cm cmcmcm cmcm cm cm cm cm cm cm cm cm cm cm cm

•0>i/s u^o> CT>o, i7> o^uN i/'0% crc^o>rj>uNo<o, <j>o>o><-r, u,>o%
c7N

OC^O> (T>CJ< rj^O> C7>C>C7>C7, r>C^CJ*0> C>t7«CJ^C^(J»rj^O^O^C7*CJ^cj>

Z CM CMCM CM CM CMCM CM CM CMCM CM CM CM CM CM CM CMCM CM CM CM CM CM CM

>ooooooooooooooooooooooooo
^cococococooocooucooococococouococococococococococo

—
a
X

Q
o
pq
c/3

3

o
Li,

w
z
o
I—

I

E-
I—

I

en
z
<

<

I

a.

Q
z
<

o

II

>
II

>

"1

a.

u_O 0«-' cMcO'4"tn«of*-co(7>0'-*cMrn>Tin
•h cmco 4"in go r- coo—i—« *-i—* «-i •-« »h— *-» »-• cmcm cm cmcmcm

u.
O o^<CMr<>«Tmvt>r^coo>>0'^CMCO>J"tr\

i-h) cmco >J" in gD r>- co rj> <-hi -hi^^ ^-i ^^ ^hi ^^ ^^ ,h r-t cm og iM fM cm cm

98



X

ZcorOrOrorororororororOrorororOrorOrorororOrorororo

_j ro ro roro roro ro ro ro ro co ro roco ro co ro ro ro ro co ro ro ro ro
ui • « • • • • t • • • • i • • • i • i
;>egegegeg egegegegeg eg egegegegeg egegegegeg egeg egeg eg

zooooooooooooooooooooooooo
wrocorncoro<^ro<Ororomroronirororncnrnrnrocornroro
-i >*• >t^ -4- >* vf >t -4"^ -4" >* >r vr^ <r *4- >r «4- -4- «** •& -r <r -4"

> egcm cvjeg r\jeg eg c\j eg cm eg eg c\j eg r\j r\i eg cm cm eg cm rg eg r\i eg

aooooooooooooooooooooooooo
2CT»O><T>O, (J*<7>^C^<J*<7»0^(^(X>C7>C^<><^<7>cj*CJ»(>CJ»(7>crtJ>

LUg3vOvO ,Og3g3 vOg3g3'>OvOg3>Og3vOg3gD vOsOg3 , >OvO«0>0>ooooooooooooooooooooooooo
<coDcocoa3a3aocoooaDCDcocOQOGOooaDcoa3coaoaococoaD

u_
a o^cgmvrir»vOr»oo^o-Hegm-t
O «-*<M co 4" ir> >0 r-coo i-< •-•—ti-i «-i *-«1^ r-t r-t .-•cmcm (Meg cm

-9

oooooooooooooooooooooooooo
"Z.O^O (T> O* <T> C* Q"» 0> O* QN (7s <T> CJ* 0> C» Q^ Cf* 0> 0> <JN C7» 0> 0> 0> CT>

UJ'OvO yO vO sO vO vO >0'0 > NO vO ,, ,^ >0'>^ vO NO v0^^ vO vO N"^>o<3t300ooc;goQgogooooooooooo
<t CO CO CO CO CO CO 00 CO CO CO CO CO CO CO CO CDCO 00 CO CD GO CO 00 CO CO

w
Q
I—

I

X
o

>H
a
o
w
CO
<
OS
Oh

OS
o

CO

o

CO

T- 2
5 <
*- oS

Z ro ro ro ro ro corom ro ro ro ro ro rn ro roro roro ro ro en ro ro fO

jromrooflrAr<»rOroc^rorOc^rororOrorOrororOrororOrorn n
>egegegcgegegt\iegegegegrgegegcMegegrgeg«Megeg«Megeg 5
^ po

OS

Q
<

O

a
•g3g3g3'*og3vO sO vO>O vog3 vO ,ogD vog3g3<og3*o ,,o-o ^o-ogp *"*

OCJs C^CJ*CJ>C^C7NCJ*<^CJ>C^<jvo^C^O^<3NC7»C7>C7»CJ*O^C7*O^CJ>CJ»0,» -*<

>ooooooooooooooooooooooooo S< co oo ao co ao co oo co co co oo co oo co co co ao oo co co co co co oo co H
!a
o
w
CO

«• os* O
u. *
O O^egro-4- ir\g3r-coaN 0»-«egro>4"
0^egrO>l-mg3r-aoo^^»H^^^^»H»-«^^egegegegeg ^

O
i—

i

H
i—

i

CO

0_4.-<,-<,-l—I,-. —I—I^,-!--! r-H—l.-t.-lr-l _*_,—,_(.-<.-, —I—!— ~
zooooooooooooooooooooooooo ~
ujrornrororororOrororOfOrorO(OrororororOrO(Ororororo

^cmcm eg egegeg egeg eg egegeg eg eg eg eg eg eg eg egeg eg eg eg eg 2

>ooooooooooooooooooooooooo
^cococucocucocuaocococoooaococococoaoaocoaououjcoco >-

ll

> II

>

-5

a.

LL
O ,-*CMei>Tir\gjr»oocr,o«^cMrO'T to
^ eg ro >4" cr\ gj r- co O^ «-<'^ •-••-••HiH «-tf-i »-*f-« egcvi eg eg eg eg

LL
CJ 0'-'CMro-TU"\>or"-cocj»0'-<c\jf0^r^

r*cm ro vTm »o e- co 0^ »-« »H •-• »-< •-•*h •-• »-h ^h-h cm rg eg eg eg eg

99



OCMCM CMCM CMCM CMCM CMCMCMCM CMCM CMCM CMCMCM CM CM CM CMCM CM

—I^ <4" •* -4" -4" >t -4* <4" «fr <4" «4- -4" >4" <J- <4" «* -4" sT <f >f sf <f -4" nJ- >f
UJ • • •••••••• .........
>CM CMCMCM CMCM CMCM CMCMCM CMCMCM CMCM CM CMCMCM CM CM CMCM CM

Of

LUOOOOOOOOOOOOOOOOOOOOOOOOO
_j in in in in in inin in in in in in in in in inmm inm in in inm in

> CMCMCMCM CM CM CM CM CM CM CMCM CM CM CM CM CM CM CM CM CM CM CM CM CM

t en enen enen enen en en ro enenen en en enen enen enen en enenmoooooooooooooooooooooooooo

UJ CM CM CM CMCM CM CM CM CMCMCMCM CMCM CM CM CM CMCM CMCMCMCMCM CM>ooooooooooooooooooooooooo
< co co co oo aj co ao co co co co as en co co co oo oo co co co oo co co ao

w
a
I—i

X
o

^)

Q
Ow
CO
<
OS
a,

a
zr-r r»t— r*-r-r>-r»-r*

EC

LUO O^O C7*OOOO 0> C7»O C7>O 0>OO <J>O CT"O C7» CT* CT> CJ» 0> —
< r*» I

s- f» r^ r— I
s-r— r— r*» r- r^r^ r*- r- r>» r— f» r*- r— r- r

>~

a
o
n
CO

O o»-'CMmvr ,nsor-cocro—*r\jrc>st

Oi-^CMm <4*m vOr-CO 0«<-t<-lt-«'-l'-4i-4'-4'-4'-l'-4CMCMCMCMCM

OS
o
u,

O
i—

i

LL.

O
o r-icm en >t to >o r- co o> •

0»-*fMcn -4- m-o r«- aoo o—icMcn^
_4 ,H i-l^ f-4 .-(p4 t-H CM CM CM CM CM

as
o
u.

CO
z
o

OCM CM CM CMCMCM CM CM CM CM CM CMCM CMCM CMCM CMCM CM CM CM CMCM CM
2Mv.Nr»Nf^Nr>-Nf«-r-r-r»r*f,-Np-f*r-r»r*-NNf»-r«
LLI^O sO>0»0*0*0»0'> N0>O^O^O vO %O vO'>O vO>0'>O^O vO vO^O vO vO
_i<f sft -4> **•>*; s* «*«* <f sic <f sf; >*>*• -4* **• -4: >*<r* sf s*sj--4: s»:

>CMCM CM CMCMCMCMCMCMCMCMCMCMCM CM CMCM CMCM CMCMCMCMCMCM

•enrnc^cncncncncncrmicnrncnrnenencnrncnrncncnencnen
oooooooooooooooooooooooooo

LUCMCM CMCM CM CM CMCM CM CM CMCMCMCM CM CM CM CMCMCM CM»M CMCM CM>ooyooooooooooooooogoooooo
<. 00 00 CO CO CO00 00 00 00 OO COCO 00CO CO 00 00 OO CO 00 CO CO OO 00 00

CO
Z

U
Z

i

OS

a
<

i

a.

o
o

or^f^r^e^r^r^f^f^r^r*r^^-r^f^r^r^r^r^rs-(N*r«-r^f>-r«-r>- 3
UJOOOOOOOOOOOOOOOOOOOOOOOOO ""

j in lo la in, in inin in in in te>Ln in in in in in in in in in in in in in^•••••••••« •••#•••••••••• r:
>CMCMCMCMCMCMCMCMCMCMCMCMCMfNICMCMCMC\JCMCMCMCM<MCMCM ^
3 cs

CQ
i

OS

<3

O
• r-r» r* r~ r» r* r^ r- r- r«- r«- r- p* r*« r*- (* r—r- r- r>- r*.

LUO^O> C>C>0> O^CT»CJ*C7>0> > > C7s CJ^C>C7s lJ> CJ^CJs ON C>C7> (J>C?'C>
>0^O>C^C^C^CJ>CJ»0> CJ*C^(^CJ»ON CT»0^<7s C^C7»C7^CJ>C7>t/>0> C7<C7s

o

II

>

oo

-5

Q.

U.O 0»-tCMen>J"u^>or-oocro»-«cMm<rin
«-* cm en <fin ^o f-co o>—•»-•iH«h^ -< #-i^-«»h^-i cm cmcm cmcm cm

O o«-' tMn)<rin>i}r^coo>o»-"CMi", )>rin
t-tcm en srm >o r*- co o> -^»h •-• •-• »-< •-• -h pm ^h ih cm cm cm cmcm cm

100



o •*>! >r >r «r >r «^- >r >!«* >r sr «4* >j" >r ^r^ ^- vj» >»• -r -r >t »r ^f
2CMCM CMCM CM CMCM CMCMCM CM CM CM CM CM CM CMCM CMCM CM CMCM CM CM
lli -4" ** >t >4" >»* -4* «r <4" of -4" «r >r «r >r >r >r <r >3- >r >4- >r >* >f -r >r
_i in inm in in in in in inin in in in in in in in in inin in in inin in
LU « « • « t • • * • ••••••••••
^CMCM CMCMCMCM CM CM CMCM CM CMCM CMCMCMCMCM CMCM CM CM CM CMCM

X
OCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM
zooocooooooooooooooooooooo
Luaocococoaoaococococoaococoaocococococococooocococo
-jinininininininminminm^mmmmmmminLnminm
^••••••••••••••••••••••t**> CMCM CM CM CM CMCM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM

w
00*cj»c^o^cj^o^c^c^c^(7*<jHc^cj*a»crcj>i^cj>cr»cj*cj>cj^o^(7>cj> l—,

ZCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM X
ujf— !*• f*» (*• f*» p» r— r«- r*-!* r>-f» f»» h*N» r*-r*» i»» r~ f*. f»» r*. i»» r^ c*»

>o>cj»a»o>ON<^(><>(>ocj»<T>cr»o>ovo^(^osocj*o^(^cj>o>oN 2
• r,»r«-r-r^r«-r^r^'f,>-r^f*-r,»r^r«-rs-r^f*-r*>f*- 3

i—

i

>«
a
o
w
en

OS
u_ O
O 0»-<CMro<nnNOr-ooo%o^cMrri>r tu
0>^CMCO^tn sO r^ 00 C7> i-lr-4<-l ^^ f-t *-4 >-4.>4 t-4*H CM CMCM cmCM

<g

o

• aococococococococococoaocococoooaocococoaooocoao
QCJ*O^CJ^C7>CJ^ON C^, CJ>Os O^CJ*O^C^y^<J>C7^CJ>(7»C^CJ^O^CJ<<7^CJ•
zaocoooaooooocooocoaocococooooocococoaoaocoaoaoao

UJ ^- <f -4" -4" -* nJ- >4- -4- -4- -4- .4- -4- <4- -4- 4- »* >4-^ -4- -4- <f vf 4" 4"
>(j\<><7N<j>(>(^cj>cj>cj>cr(>c^(>cj^cj»ON(^cSc^^c><T, cS<7>

G* w

ao >
a> c
00
• 2

4- -
as -

>
c
c
-
a
<i

a
a

a
C
u

u.
O O'-,CMr0vf m>oh~coc*0<-«cM*'ri>J" y

©^CMCn.4*in>Or>»COO>»H.-».-4.-4i-t^H.-<^^^CMCMCMCMCM ^
-5 C

<-3^^* -4- v** <4- ^" -4- -T nJ- ^- >!• >t >J- >4* »* -4- -4- .4- -4- >t -4-^ •* vj-

Z CMCM CM CM CM CM CM CM CMCM CM CM CM CM CM CM CM CM CM CM CM CM CM CMCM
lu >f >i- >r<r sr >r -r -^ >r»r >r -4- >r ^- -4- ^f -r >r >i- -4- >r >t >r <r >r
j inin in in in in lt» in in in in inlo in lo in in lh in in in in in in in

>CMCMCMCM CM CMCM CM CMCM CMCMCM CM CM CMCMCM CMCM CMCM CMCMCM

QCJ, CJnO>CJ><7*0^<J> CJ»<7»C^CJ^(J>CJ^CJ>CJ^C^CJ>Cn On <7
>> CJ»On OxOxOs

ZCMCM CMCM CM CM CM CM CMCM CMCM CM CM CM CM CMCM CMCMCM CM CMCMCM

at r-r- r-r-r- I
s- r-» r-r-r» r»r- r»- r— p- p- I

s- p- p»r» p- f- p-p- p-
;> <J> U>W CJ> C7» <J\ (J>O <J> CJ» V* <J> (?> (T> <J> CT> U* C7> CT> <T> U> CJ> tT O* CX>

<i r-r- r«-r*- r» r^ i*-r—r-r» p-r-r*

cyj

<
E-

X
u

PQ
i

06

a
2

a.

CO

O
E-

cn

ii

>

X <
l- =
O CMCM CMCM CM CMCM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM E"2000000C000000000000000000
Ltl 00 CO 03 00 CO 00 00 00 T3 CO 00 CO CO CO CO 00 00 00 00 CO CO CO 00 00 CO 3
_j in in inm inin in in in in in in in in in inin in inmm inm in in C

>CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM <

3 f*

• cococxjcocoaooococooacooococococococococococDcococO'
qcjnc^(>cj'<jx>o,*o^cj»o\cj>cj^<3> cj>(Js o,v <7>cj> a* q* cro (j> <j* <r> cjC-
ZcoaococooococococoooaoQOooaDCoaococoaocoaococococo

• •••••••••• ( ...... ^
uj *4- vj- 4- vr^ -r >r •* vf >r >*- vj-^ -4- vi- <r <r -4- <f -4- -4* <r >»• -4- -4-

>u, cTc/»<J>u,o>o ,u> ^/, u , c^<J1 u', l/, w , w1 v/, ^/, ^j> o, ^J> ^J>^J, <J, <jC

ii

>

-5

a.

LL
O 0»-'CMm'Tin«of*-ao<j>0'^cMcn«T«^

r-tcm cn >* in vO r- ao cj>»h »-• -* «-« •-• «-• ^-i ^h»^ ^-"cmcm cm cm cmcm
-5

LLO o«^cMm«rm>or«-oocj>o^<CMiri>ru>
-H CMm >Tm vO P- 00 <7> ^H ^-« #-t ^-t^H ^H ,^ ^-« »H i-H CM CM CM (M CM CM

101



BIBLIOGRAPHY

1. Silfvast, W. T., "Metal Vapor Lasers", Scientific American,
Feb, 1973

2. Rice, W. w. , et al, "Metal Atom Oxidation Lasers", Los
Alamos Scientific Laboratory, March, 1974

3. Sax, I. R. , Dangerous Properties of I ndustrial Materials ,

3rd Edition, Reinhold, 1968

4. Murray, L. G. , Metal Oxidation Laser , Master's Thesis,
Naval Postgraduate School, Monterey, CA, June 19 74

5. Karev, V. N. , et al, Report Number FTD-MT-24-93-71,
Foreign Technology Division of Air Force Systems
Command, Wright-Patterson AFB , Thin Films of the
Rare-Earth Metals , Unclassified, 1969

6. Dennison, D. H. , Tschetter, M. J., and Gschneidner Jr.,
K. A., "The Solubility of Tratalum and Tungsten in
Liquid Rare-Earth Metal", Journal of the Less-Common
Metals , Vol II, p. 423-435, 1966

7. Herzberg, G. , Molecular Spectra and Molecular Structure I .

Spectra of Diatomic Molecules , Second Edition, Van
Nostrand, 1950

2 12
8. Green, D- W, , "Vibrational Constants of the C II, A

and X Electronic States of LaO" , Journal of
Molecular Spectroscopy , Vol 40, p. 501-510, 1971

9. Ames, L. L. , Walsh, P. N., White, David, "Dissociation
Energies of the Gaseous Oxides of the Rare Earths",
The Journal of Physical Chemistry , Vol 71, Number 8,

p. 2707-2718, July 1967

10. Battelle Memorial Institute, The Properties of the Rare
Earth Metals and Compounds , 1 May 19 59

11. Chace, W. G. , and Moore, H. K. , Exploding Wires , Vols 1-4,

Plenum Press, 1964

12. Chupka, W. A., Inghram, M. G. , and Porter, R. F., "Disso-
ciation Energy of Gaseous LaO", The Journal of Chemistry
Physics, Vol 24, Number 4, p. 792-796, April 1956

13. Coleman, W. J. (Battelle Memorial Institute) , Downward
Vacuum Vapor Deposition of Rare Earths Onto Hollow
Microspheres, (NVWL-1288) , February 1970

102



14. Curzon, A. E., and Chlebek, H. G. , "The Observation of
Face Centered Cubic Gd, Tb, Dy, Ho, Er, and Tm, in
the Form of Thin Films and Their Oxidation", Journal
of Physics F: Metal Phy s ics , Vol 3, p. 1-5, January 19 73

15. Izrael'son, Z. I., Toxicology of the Rare Metals , Israel
Program for Scientific Translations, LTD., 1967

16. Powell, C. F., Oxley, J. H., Blocher Jr., J. M. , Vapor
Deposition , Second Edition, Wiley & Sons, March 1967

17. Rare-Earth Information Center Letter DTD November 14, 19 7 5

to Richard C. Feierabend, Subject: Advising of Enclosed
Requested Rare Earth Metal Information , November 14, 19 7 5

18. Samsonov, G. V., et al, "Production of Thin Films by
Evaporation of Rare Earth Metals and Study of their
Physiochemical Properties", Chemical Abstracts ,

Vol 76, p. 250, Number 28765W, 1972

19. Thin Films , 1963 Seminar, American Society of Metals, 1963

20. White, D., et al, "Thermodynamics of Vaporization of the
Rare-Earth Oxides at Elevated Temperatures; Dissociation
Energies of the Gaseous Monoxides", Symposium on
Thermodynamic Nuclear Material , Vienna, 1962 , Vienna
International Atomic Energy Agency, 1962

103



INITIAL DISTRIBUTION LIST

No. Copies

1. Defense Documentation Center 2

Cameron Station
Alexandria, Virginia 22314

2. Library Code 0212 2

Naval Postgraduate School
Monterey, California 93940

3. Department Chairman, Code 67 1

Department of Aeronautics
Naval Postgraduate School
Monterey, California 93940

4. Prof. D. J. Collins, Code 67Co 1

Department of Aeronautics
Naval Postgraduate School
Monterey, California 93940

5. LT Richard C. Feierabend, USN 1

3321 Treelawn Drive
Richfield, Ohio 44286

104



thesF2524

Metal atom oxidation lase

r

m-3 2768 002 13422 3

DUDLEY KNOX LIBRARY


